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Which is not to take 
anything away from our com- 
petitors. After all, giving the 
budget top priority, putting 
cost before quality, is a fairly 
well accepted way of doing 
business. 

Its just not Hondas way. 

At Honda, our philosophy 
15 simple: "Build equipment 
that exceeds the expectations 
of even our most demanding 
customers.’ 


Following this guideline, 


our engineers have produced 
the Honda Riding Mower. It 
is arguably the finest riding 


MOST ENGINEERS ARE 
GIVEN A BUDGET. 
HONDA'S ARE GIVEN A GOAL. 


mower ever made. Thanks to 
features like its highly effi- 
cient Overhead Valve engine. 
And its mid-engine design, 
which offers stability and 
maneuverability that’s far 
superior to the typical rear 
engine mower. 

This infusion of auto- 
motive technology should not 
surprise you. It’s perfectly 
understandable when you 
realize that we apply the 
same advanced engineering 
expertise to our Riding 
Mower that we do to our 
automobiles. 


So as you compare dif- =, 
ferent riding mowers, keep Piy 
the distinction between a 
Honda and all the others 


clearly in mind. Ours are - 
built to satisfy engineering 
goals. Not accountants. 

For the name of the 
Honda Power Equipment te 
dealer nearest you, look in : 
the Yellow PUES 0 or tra ЦЕ Y 
toll-free EE 
number 
listed 
below. 
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1-800-447-4700 
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— Chuck Yeager | 
Genuine B Ports 
Your cars a big investment. So give it big protec- 
tion with AC Air and Oil Filters. ey i E. 
Whatever you drive, AC provides excellent engine protection. B x. 
With parts that don't just fit your cars performance requirements, kilos Ui B : Р 
but match them. Dead оп. 
AC Oil Filters are designed to protect gasoline engines for up to 15,000 Ne 
AC Air Filters tor up to 30,000. Check your owners manual for your car's 
recommended change intervals. 
And be sure to say "AC" when you buy filters. | | 
For the AC-Delco retailer nearest you, just give me a call at 1-800-AC-DELCO. GENERAL MOTORS CORPORATION 


` AC-DELCO. THEY DON'T JUST FIT. THEY MATCH. 


Readers Talk Back 


Century-old new technology 


I thought you would be interested to 
know that the “new” no-show nailer 
described in January's "Whats New 
In Tools” is 100 years old! Stanley 
introduced it in 1888 at a price of 
$2.40 per dozen. The popularity of this 
tool faded early this century and in 
1922 we discontinued it. 
Carl C. Stoutenberg 
Product Line Engineering Manager 
Stanley Tools 
New Britain, Conn. 


Is it popular science? 


I enjoyed reading the December 1987 
issue until I opened the magazine to 


| pages 62 and 63. Right next to the 


article about Nissan’s sonar suspen- 
sion was a piece about the free- 
electron anti-missile laser system. The 
Japanese are using their brains to pro- 
duce something they can sell to peo- 
ple all over the world. We, however, 
are blindly forging ahead with our 
multi-million dollar “Star Wars.” Is 
this really “popular” science? 

Richard L. Rathbun, Palo Alto, Calif. 


Elusive door closers 


In your December 1987 article “Make 
Yourself a Panel Saw,” the plans call 
for two sliding door closers to coun- 
terbalance the saw weight. I spent 
nearly a full day going to or calling 
every hardware store, woodworking 
store, and building-supply store in my 
area to no avail. Please help! 

David R. Johnson, Minneapolis, Minn. 


Although author R. J. De Cristoforo 


assures us he purchased the door clos- | 


ers at a local hardware store, readers 
across the country have found them 
difficult to obtain. The unit he used 
was a Shelby Sliding Door Closer No. 
333, made by the Shelby Spring Hinge 
Co. of Shelby, Ohio; attempts to reach 
the manufacturer by phone, however, 


Address letters for this column to: Readers Talk Back, PoPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. We are 
unable to acknowledge unpublished letters. 
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brought news that there ts no such list- 
ing. De Cristoforo says a reasonable 
substitute would be spring-type win- 


| dow sash balances. He also suggests 


trying a couple of radial-arm-saw car- 
riage returns, such as the $30 type 
shown on page 147 of Sears’ Power and 
Hand Tool catalog. To accommodate 
the greater travel of the panel saw, Cris 
says you might have to braze on an 


| additional length of cable. Cris regrets 


this inconvenience to readers.—Al Lees 


Wood stove woes 


In regard to the December 1987 arti- 
cle “Wood Stoves Must Clean up Their 
Act,” I agree that wood-stove emissions 
do exist and some correction of this 
situation would be desirable. However, 
the Environmental Protection Agency 
statement that wood stoves account for 
15 percent of the nation’s particle 
matter is hard to believe. The agency 
also claims that wood-stove cleanup 
will “net the U.S. an annual sav- 
ings of $29 million in related health 
costs..." This would put wood stoves 
in the same category as alcoholism 
and drug addiction. Maybe we should 
try to get people to quit using wood 
stoves and forget about cigarette 
smoking. 


Raymond A. Schwarz, Northbrook, Ill. 


Scanning the bumps 


In your article on sonar suspension 
[Dec. '87] you say, “The sonar suspen- 
sion reads major dips in the surface, 
along with bumps, ripples, potholes, 
metal grids found on some bridges, 
and other impediments... .” If a car 


| 1s moving at 60 mph and the ultra- 


sonic device has a pulse repetition of 
40 hertz, this leaves about 2's feet be- 


| tween pulses. It seems that the beam 


spread is not great enough to pick up 

every road imperfection and the sensor 

could miss a pothole or metal grid. 
Randy Lachermeier, McHenry, Ill. 


You're quite right. The object of this 


| system is not to respond to individual 


surface irregularities, but to read an 
average.—Jack Keebler 


Flip fascination 


I was fascinated by the January arti- 
cle on Earth’s flipping magnetic field, 
especially the possible tie of the chang- 
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under loads of old paint, but 
he spotted the potential. 
"Formby' Paint Remover 


— “My desk was 
‚ only a step 
- away from the 


Salvation removed 
3 М Army." layers of old 
That's Dave Bostic, paint, with- E 
Purchasing Agent, talking out hurt f 
about the piece he refinished / ing the | 
with Formby’s” Condition- Я E- wood," Ш REMOVER. ЇЙ 
ing Furniture Refinisher. £ reports ИШ | 
This recent discovery from Bob. EN f 
the Formby’s Workshop | Indeed, п GS 
contains special wood | one of our pire I 
| proudest 2S ei 
е С achievements is our 
p D pe oli Y METTE — С g” 
| - ' m ee : ў J Г ке ' X І 


3 | ` ORDINARY 
m SERES EXTRAORDINARY 
a RESULTS. ' 


Every day, people who are all thumbs— 
people who probably failed Shop in High School 
—are getting fabulous results with the 
remarkable products that come from The 
O E e Formby’s Workshop. 

Uu cc Sehr N Because we start by creating the finest 

i سڪ‎ 8 products we know, then do everything to help 
you along—including an 800 number with 
conditioners that pene- experts standing by. That's why nothing works 
trate to help prevent drying like things from the Workshop. 


án й her table was finished Xm Са 
i ТЇ dissolve | “I gave my with polyurethane. p il 
P JÎ the built | drop-leaf “They don’t believe m 
" | up varnish, T table the | it,” says Heidi, \ 
| lacquer look of * | “because they expect ШШ 
a and shellac : fine old English that artificial look.” An 
ИО! toreveal furniture, with | = Formby'5 hand- | 
^ | the glory polyurethane | rubbed Poly Finish, 
2! I ofthe protection." | however, will have Paint Remover thats 
E eod: Heidi Kruger, none of that artificial tough When hasto 
original patina—while Textile Designer, | plastic gloss. Because it's be (on paint), and 
conditioning your wood just loves to tell | rubbed in, Нев brushed gentle when it has to 
as well. people that on, Formby’s pene- be (on your wood). 


trates deep into the 
wood to give polyur- 
ethane protection 


If youd like infor- 


mation on anything 


AX E oce 


with hand- you've read, or if 
rubbed richness youd like some 
ind beauty. advice On a project 


you're considering, 
drop us a line at the 
Formby's Workshop, 


“This chair | Olive Branch, Mis- 


y went from a sissippi. We want you 
7 garage to my to know that you 
| living room.” can always turn to 


When Bob the Formby’s Work 
Sikora, a busy mechanic, shop—where we 
found this striking oak always help things 


chair, it was submerged turn out right. 


© 1988 Thompson & Formby Inc. 


Readers Talk Back с g 
A porch of a different color Боро, 


ing fields to the mass extinction of liv- 


ing creatures caused by the cooling of | 


Earth's surface. Perhaps the planet 


| was subject to this constant polarity 


switching even earlier in time, caused 
by the relative motion of its surface 
to its core as they both cooled down. 
This led me to wonder if the beginning 
of life could also be tied to the chang- 
ing fields. Perhaps two billion years 
ago primitive DNA molecules were 
guided by the changing magnetic 
fields to form two chains with oppo- 
site polarity instead of one chain. 


Harry Montague, Washington, D.C. 


In the article "What Flips Earth's 
Field?" the statement is made that 


Earth, with a simplified diameter of | 


10,000 miles, would have a volume a 
million times that of an object 10 
miles in diameter. It would, in fact, 
be a billion times because the volumes 
of spheres are related as the cube of 
their diameters, not the square. 
Henry Ariail, Sewanee, Tenn. 


Stain with stamina 


In "Coloring Concrete" [Nov. '87], you 
mention that concrete staining done 
by Frank Lloyd Wright has stood up 
for 50 years. I've tried to get informa- 
tion on staining concrete from concrete 
producers and have had no luck. What 
stain did Wright use? Seems to me he 


| had a pretty good product! 


William Adams, Pipe Creek, Texas | 


А word of caution should accompany 
the article about staining concrete. As 


the article says, chemical stains are | 


| water solutions of metallic salts and 
therefore acidic. Mature concrete is 


basic. In helping the staining ingre- | 


dients to penetrate deeper, Kemiko 

stains might react with the basic 

calcium salt present in the pores and 

turn it into carbonate. By removing 

the calcium products, the concrete 

structure is rendered more porous and 
less durable in the long run. 

Krishnan Gorur 

Concrete Technologist 

APO, NY 


According to the Epmar Corp., the 
company that distributes Kemiko con- 
crete stain, Frank Lloyd Wright used 
Kemiko stone-tone stain. As for the sec- 
ond issue, Epmar's Arnold Vasui says 
that the company has not studied the 
effect of Kemiko stains on concrete du- 
rability. But he adds that the stain only 
penetrates the concrete surface, and 
therefore any chemical composition 
changes (and therefore any decrease in 
durability) would take place there. 
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Stuart Brown, don't let your misspell- | 
ing worry you [Racing Against the | 


Porch, RTB, Jan.]. Worse things have 
happened. There's the story about the 
itinerant house painter who was look- 
ing for painting jobs. The prospect 


| said, “Paint my porch gray and ГЇЇ give 


you $50.” The painter came back a few 
minutes later and asked if he wanted 
"the whole thing" painted gray. The 
answer was "yes." 

So the painter finished up, asked for 
his $50, and then said: "By the way, 
that's not a Porsche, it's a Ferrari" 

Jim Betts, Point Pleasant, N.J. 


Retrofit air bags 


| After reading many articles on auto- 


mobile safety, Га like to know how to 


| get air bags installed on a vehicle 


that does not have them as standard 
equipment. 
James G. Laurenzano, M.D. 


North Little Rock, Ark. 


As far as I know, a vehicle has to be 
designed with the air-bag system as 
an integral part. Sensors have to be 
located. in the tire wall, and the steer- 
ing wheel апа instrument panel have 
to be heavily modified to accommodate 
the bags as well as the inflation and 


trigger systems.—Jack Keebler 


Dubious dimensions 


In the December 1987 article “Elec- | 


tronic Square,” a caption states, 
“Square It is a 4x4x4-in. triangle." 


| Unless you need to measure only 60- 


degree angles, this triangle would be 
of little use. An equilateral triangle 
would have three equal angles, and 
because there are 180 degrees in a tri- 
angle, each angle would be 60 degrees. 

Harold Brooks, Perry, Fla. 


The dimensions referred to in the cap- 
tion are for the two equal sides of the 
triangle and the instrument's height. 
The hypotenuse, or long side, is approx- 
imately 52/3 inches.—Phil McCafferty 


Corrections: The credit for the three 
photos from Newport Mantel and 
Panel Co. at the bottom of pages 80 
and 81 was omitted from the Decem- 
ber 1987 issue. They were by Al Wal- 
ters Photography. 

In December 1987 “Science News- 
front"s Traveling Dinosaurs, the 
Tyrrell Museum of Paleontology was 
misspelled as was the name of the 
town it’s located in: Drumheller, Al- 
berta, Canada. 25] 


Publisher Grant A. Burnett 
Advertising Director Jim P. Walsh 
ADVERTISING OFFICES 
NEW YORK 
380 Madison Ave., New York NY 10017 
(212) 687-3000 
New York Manager Robert L. Leichter 
Hally Birnbaum, Gregg R. Hano, 
Barbara Jones, Frank Marshall 
Promotion Manager Harry Fleischman 
Senior Production Manager Henry W. Kazmirowski 
Production Manager Joseph W. Clarke 
Makeup Manager Yvonne King 
Assistant Oris D'Amil 
Classified Advertising Director Ernestine W. Grant 
Assistant to Publisher Cindi Di Marzo 
Brenda Charles, Shelby Duncan 


CHICAGO 
875 N. Michigan Ave., Chicago IL 60611 
(312) 337-7717 
Manager Jim King 
Anne Conover, Ed McGoldrick, Sharon P. Hensley 


WEST COAST 

3550 Wilshire Blvd., Los Angeles CA 90010 
(213) 380-1936 

Manager Jacqueline Donnelly Kelly 

Theodore L. Henry, Theresa Thum 


SOUTHWEST 

16990 Dallas Pkwy., Suite 220, Dallas TX 75248 
(214) 380-0416 

Joe T. Kelly & Associates 

Joe Kelly, Harry Weiss 


755 №. Big Beaver Rd., Suite 420, Troy MI 48084 
(313) 362-9005 

Manager Edward A. Bartley 

Nancy Ludeman 


AN 3 limes Mirror 
ы Magazines 


Published monthly by 


| TIMES MIRROR MAGAZINES, INC. 


380 Madison Avenue, New York N.Y. 10017 


| ISSN 0161-7370 


Chairman of the Board HERBERT K. SCHNALL 

President and Chlef Executive Officer 
ANDREW J. DEMPSEY 

Executive Vice President/Group Publisher 
JAMES KOPPER 

Executive Vice President/Administration 
PATRICIA G. CAMPBELL 

Vice President and Treasurer MICHAEL HAUGH 

Vice President/Circulation JOHN CONDON 

Director of Manufacturing KIT TAYLOR 

Promotion Director JAMES M. GIRALDEZ 

Research Director WILLIAM H. HUNTTING JR. 

Circulation Director MICHELE JEHLE 

Marketing Director DEB LEES 


PHOTOCOPY PERMISSION: Permission is granted by Popu- 
lar Science * for libraries and others registered with the 
Copyright Clearance Center (CCC) to photocopy articles in 
this issue for the flat fee of $1 per copy of each article or 
any part of an article. Send correspondence and payment 
to CCC (21 Congress St., Salem, Mass. 01970); specify 
CCC code 0161-7370/85/$1.00--0.00. Copying done for 
other than personal or reference use without the written 
permission of Popular Science * is prohibited. Address re- 


| quests for permission on bulk orders to Chief Editorial Asst., 
| Popular Science, 380 Madison Ave., New York, NY 10017. 


Popular Science" is a federally registered trademark of 
Times Mirror Magazines, Inc. 


es 


+ 


em | 


$ 


Aa 


«| 


Le | 


Join in a Tribute to a of America's Greatest Ships 


* Limited edition 
* By acclaimed marine 
artist Tom Freeman, A.S. he A. 


She is docked today in her home port of 
Boston, very near the site where she was 
christened in 1797, just 10 years after the 
signing of our Constitution. She is one of 
Americas greatest and most honored sailing 
ships—the historic U.S.S. Constitution. 

Now, in commemoration of the 200th 
anniversary of the signing of America’s Con- 
stitution, The Hamilton Collection has com- 
missioned the creation of a stunning collector 
plate to honor the ship that has become a 
symbol of the enduring American spirit. 
Created by renowned marine artist Jom 
Freeman, this masterful tribute captures the 
power, beauty, and speed of this classic sail- 
ing ship on fine, shimmering porcelain. 

The U.S.S. Constitution is depicted 
passing the Rock of Gibraltar as she sails to 
her first major victory, in the Tripolitan Wars 
of 1804, with the Stars and Stripes flapping 
proudly in the wind. 

Tom Freemans “17.5.5. Constitution” 
gains added significance because It marks the 
collector plate debut of an artist whose 
original paintings sell for as high as $15,000 
each. A member of the prestigious American 
Society of Marine Artists, Tom Freeman 
creates art that is acclaimed for its brilliance, 
dramatic style, and attention to detail—the 
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very e which have the potential to make 
"U.S.S. Constitution" one of the most sought 
after collector plates in recent history. 


"U.S.S. Constitution" premieres an 
important collection of eight plates entitled 
Americas Greatest Sailing Ships. Each issue 
will feature a Tom Freeman original work, 
framed with a decorative, 23K gold border, 
honoring one of Americas classic ships from 
the "Age of Sail.” Each plate will be hand- 
numbered onits reverse and accompanied by 
a same-numbered Certificate of Authentic- 
ity, attesting to its place within the edition of 
a total of 14 firing days. 


As an owner of "U.S.S. Constitution, " 
you will have the right—not the obliga- 
tion—to acquire all plates in the collection, 
in the sequence presented to you. Further- 
more, The Hamilton Collection 10096 Buy- 
Back Guarantee assures that you may 
return any plate for a full refund within 
30 days. 


Considering the significance of this pre- 
miere—and, with the Constitutions Bicen- 
tennial celebration adding to the demand, it 
is important that you respond promptly. 
Applications will be processed in order of 
receipt, so sendin yours today! ©1987 HC 


Decorative 23K 
gold border 
° Actual size: ӨМ" 


peer m ы r A manh i: Ма um uos n AMA т Жаан ee 


Respond by: 
March 31, 1988 
Limit: Two plates per collector 
Please accept my application for “0.5.5. Consti- 
tution." I wish to purchase (1 or 2) at $29.50 
(plus $2.14 shipping and handling) each, for a total 
of $ ($31.64* or $63.28*). 
Check one: 
[] Check or money order enclosed. 
C] Charge my credit card: L] Visa | ] MasterCard 
Г] American Express 
Acct. No. 
Exp. Date 003164/006328 
[1Ms. О Mrs. О Mr. 
ee! 
Address 
City == 
State ТАВ 
SABE —— 
*FL residents add $1.59 and IL residents add $2.22 
per plate for tax. АП applications must be signed and are 
subject to acceplance. Allow 6 = 8 weeks from date of applica- 


lion for shipment, Deliveries made only lo the (7.5. and its 
lerrilories. 


The Hamilton Collection 
9550 Regency Square Blvd., P.O. Box 44051 
Jacksonville, FL: 32231 J 


33431 CR 


Science Newsfront 
By ARTHUR FISHER b: 


3-D medical images 


| Pictures like these will enable radiol- 
ogists and surgeons for the first time 
{0 visualize in three dimensions un- | 
derlying bone structures separated 
from surrounding tissue and fat, the | 4 
better to plan surgical procedures ог 
map out radiation therapy. T 
The images are created by a new 
device, the PICS 2000 system, devel- 
oped by Philips Medical Systems, and 
Pixar, an image computing company 
in San Rafael, Calif., with the partic- 
ipation of 15 major U.S. medical cen- 
ters. The collaborative effort was 4 
part of the Philips-launched Pegasus 


Ф. 


| Project, designed to give physicians | E. 
a quick, precise, and easy-to-use 
| diagnostic tool for accurate patient i. 
| treatment. | 
The instrument works by recon- ы. 
| structing two-dimensional CT (com- | м 
puterized tomography) X-ray images 
into full-volume versions, using spe- 
cial Pixar-developed hardware and 
| software. te 
Birth of a molecule | 
"Observing the instant of a molecule's | ‘ 
creation is for a chemist what observ- 
ing the Big Bang would be for an as- 
tronomer.” That was the reaction of ‘ep | 
Ahmed Н. Zewali, professor of chemi- 9% 
cal physics at the California Institute Då | 
of Technology, after his group reported 
recording, for the first time, an in- р." 
stance of molecular birth. | 
In the experiments at a new Caltech * 
laser facility, the researchers used two "« 


laser pulses, one to trigger a chemi- 

cal reaction and determine time zero, ۴4 

the other to make an "instant photo" | 

of the reaction. Two reactions were 

studied: one involving hydrogen and 

| | carbon dioxide to produce carbon mon- t 

| oxide and a hydroxyl molecule (an | 
important reaction in the upper at- s 

| mosphere); the other involving the | re 
decay of cyanogen iodide to form an 

| iodine atom and a cyanide molecule. 

Clocking these reactions in real 

| time took as little as 40 femtoseconds 
—40 quadrillionths of a second. (In | 
one second, light travels almost the 
distance from Earth to the moon. In 
one femtosecond, light travels one per- 

| cent of the width of a human hair.) 

"This is indeed an exciting and im- 

portant development," says Richard B. | 
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Designed and built һу ап international 
consortium, the James Clerk Maxwell 


Bernstein, professor of chemistry at 
UCLA and a Sherman Fairchild Dis- 
tinguished Scholar at Caltech during 
these experiments. “We are now en- 
tering a new era in which we will be 
able to observe in real time how atoms 
form molecules, starting from their 
‘Big Bang." 


Submillimeter telescope 


Shown abuilding atop Hawaii’s Mauna 
Kea peak in the photo above, the 
James Clerk Maxwell telescope is the 
largest of a new generation of radio 
telescopes. It is named, appropriately 
enough, for the brilliant Scottish phys- 
icist who demonstrated the fundamen- 
tal identity of all electromagnetic 
radiation, including light. It is de- 
signed to penetrate the dense, dusty 
clouds of interstellar gas where stars 
are born, and thus clarify the early 


| history of the universe. 


From its lofty perch at nearly 
13,800 feet, the new telescope will op- 
erate in the submillimeter wavelength 
range, between infrared and radio. 
These wavelengths are the last (of 
those that penetrate the atmosphere) 
to be opened to ground-based instru- 
ments. The telescope's sensitivity is 


| such that it could detect a warm peb- 


ble on the moon. It should be able to 
measure the velocity of gas clouds to 
within a fraction of a mile per sec- 
ond and to resolve details as small 
as one "light-month" at the distance 
of the Orion nebula. 

A key part of the telescope is the 


| 50-foot dish. It is made of 276 alumi- | 


radio telescope on Hawaii's Mauna Kea 
will probe the birthplace of stars. 


num panels arranged to yield a para- 
bolic surface accurate to within 50 
microns—the thickness of a cigarette 
paper. 

The James Clerk Maxwell telescope 
will be used by astronomers from 
Great Britain, the Netherlands, Can- 
ada, and the University of Hawaii and 
will be administered by the Royal Ob- 
servatory, Edinburgh. 


Super slurper 


That's a crystal of super slurper in the 
photo below. What's super slurper? A 
derivative of cornstarch invented 13 
years ago by chemists at the Agricul- 
tural Research Service of the U.S. De- 
partment of Agriculture. The material 
has the remarkable property of being 
an ultra-thirsty absorbent; it can slurp 


Crystalline super slurper will keep 
worms happy and save citrus trees. 


up 2,000 times its own weight in 
water. As such, it has found its way 
into a variety of products, including 
diapers, fuel filters, and foot powder. 

Now, says entomologist William 
J. Schroeder of the Agricultural Re- 
search Service in Orlando, Fla., super 
slurper can also help save citrus crops. 
It seems that citrus tree roots are at- 
tacked by certain weevils, which can 
kill 20 to 30 percent of the trees in a 
grove. But the weevils could be con- 
trolled by introducing two species of 
nematodes into the soil. The tiny 
worms kill the weevils but do not 
harm plants or other organisms. The 
problem with unleashing the nema- 
todes is that they die quickly if the 
soil dries out. 

Solution: keep the nematodes moist 
and happy with super slurper. Com- 
panies could mass rear the nematodes 
and package billions of them alive. 
Then, says Schroeder, growers could 
buy the nematodes and mix them with 
gel-like super slurper to put on citrus 
roots before planting. “What they 
would have then is a grove of trees 
with weevil control right in the soil 
around the roots," he adds. 
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| А never-before-published manuscript 


giving a detailed review of Albert Ein- 
stein's theory of special relativity—in 
Einstein's own hand— was sold at auc- 
tion to an anonymous collector for the 
unprecedented sum (in America) of 
$1,155,000. Probably completed in 
1912, the 72-page document is writ- 
ten in both pencil and ink and is re- 
plete with extensive corrections. It is 
the most complete known survey of his 
theory that Einstein ever wrote and 
the earliest known manuscript of an 
Einstein paper. 


It was the great physicist's practice | 


to discard his manuscripts once they 
were in print. The intervention of 
World War I apparently prevented the 
document's publication and thus saved 
it for posterity. 

Hypervelocity tires 

The U.S. Air Force has awarded a con- 
tract to Boeing Advanced Systems Co. 

to define the tire, wheel, brake, and 
bearing requirements for the takeoffs 
and landings of hypervelocity aircraft. 


Takeoff speeds higher than 350 mph 
and landing speeds from 250 to 315 


mph will be considered. Once Boeing | 


has selected the optimum tire con- 


| figuration, the B. Е Goodrich Co., a 


Boeing subcontractor, will fabricate ex- 
Continued 
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perimental tires for high-speed test- | 


ing. The Flight Dynamics Laboratory 
at Wright-Patterson Air Force Base in 
Ohio will manage the project. 


Probing comets 


The first real tests of a prototype of 
a probe designed to bite into and 


sample comets have been a “really | 


astounding success." So says William 
V. Boynton, the planetary scientist in 
charge of developing the Comet Pen- 
etrator-Lander, which is to be the 
heart of NASAs planned Comet Ren- 
dezvous Asteroid Flyby mission—or 
CRAF, for connoisseurs of alphabet 
soup. 
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nium probe will penetrate the icy sur- 
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An unmanned CRAF spacecraft, 
which is to carry a variety of imag- 
ing and telecommunications instru- 
ments, is scheduled for launch in 
February 1993. It will go into orbit 
around the sun, flying as a close com- 
panion of the comet for three years, 
collecting data first during the com- 
ets quiet phase in the frigid outer 
solar system then during the comet's 
active phase in the hotter inner solar 
system. (The spacecraft will also make 
close flybys of one or two asteroids on 
its way to the comet encounter.) 

The Comet Penetrator-Lander, illus- 


| trated here by painter Ron Miller, 


is an instrument-bearing missile de- 
signed to thrust into a comet's rock- 


Part of a 1993 comet mission, this tita- face of a comet and transmit clues to | 


the origins of the solar system. 


hard ice surface to a depth of three 
feet or more. It was originally consid- 
ered merely an option for the CRAF 
mission. Now, however, it is thought 


| to be "clearly the most exciting aspect 
| of this mission," says William Quaide, 


chief scientist of NASA's Solar System 
Exploration Division. 

Originally, planetologists at NASA's 
Ames Research Center proposed 
that the probe carry a gamma-ray 
spectrometer to the comet's nucleus. 
Boynton, who is a member of the Uni- 
versity of Arizona’s Lunar and Plan- 
etary Laboratory, suggested adding 
a calorimeter to measure the heat 
needed to melt and/or evaporate ice 
and a gas analyzer to sample whiffs 
of a comet's gases. 

The finished probe will be five feet 
long and made of titanium. А full- 
scale aluminum prototype was suc- 
cessfully tested last fall at Sandia 
National Laboratories in Albuquer- 
que, N.M., by being fired from a rocket 
sled to hit a cold ice target at 90 mph 
and at a 60-degree impact angle— 
"a worst-case angle," according to 
Boynton. 


Music of the sphears 


Most people are familiar with buzzes 
or other sounds in the ears. How about 
a sound heard not by the ear's owner 
but by individuals around him? Just 
such a bizarre case has been reported 
in the journal Archives of Otolaryn- 
gology—Head and Neck Surgery. lt 
appears that the right ear of 25-year- 
old Etsuo Yamamoto, a physician at 
Kyoto University in Japan, has been 
emitting a high-pitched tone that has 
been audible to people around him— 
but not to him—for some 10 years. 
The phenomenon is called “spontane- 
ous otoacoustic emission" and is baf- 
fling, though thought possibly to be 
electrical in origin. Seven such cases 
have been reported since 1978. 


Top guns son-shy 


Yes indeed, the old Air Force myth is 
true: "Top guns" have fewer sons than 
expected—a ratio of 60:40 girls to 
boys. Dr. Bertis Little, a geneticist at 
the University of Texas Southwestern 
Medical Center in Dallas, Texas, found 
the anomaly in a special group con- 
sisting of astronauts and jet fighter 
pilots, all of whom are subjected to un- 
usually high gravitational forces in 
their work. Little says that his study 
suggests "an association between the 
high-G exposure and reduced male-to- 
female ratio" in the offspring the men 
produce. 
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^ John & Wanda Putcell - Also a heap of spraying. And haul- 
ОСОТ mg. And who knows what all. 

То handle such tasks, insist the 
folks pictured here, you need 
the Yamaha Terrapro. The first ATV 
designed to do all of the above, 
when it's not busy taking you hunting, 
fishing or camping. 

For example, you can attach a 
Yamaha finish-cut mower to the rear- 
mounted PTO (Power Take Off) hook- 
up for a magnificently manicured lawn. 

You can use our rough-cut mower 
to whack away weeds and brush. Or 
a Yamaha sprayer to deliver fertilizers* 
and other liquid assets quickly and 
efficiently  -— == 
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= while sitting == 
in solid 
* comfort on 
a machine 
thats more 
maneuver Wwe г 
able and When the Terrapro's not working, 
easy toop- it’s playing. 
UMS erate than any riding mower or tractor. 
e Durbianp, ' Afte R , d 
Goleta, California + r your ierrapros aone а 


good days work, youre free to use its 
tough 348cc, 4-stroke engine and 
high- traction, high- flotation tires to 
take you where the fun is. 

But first you need to find out where 
your dealer is. And to do that, you need | 
to call 1-800-331-6060, ext. 675. 


YAMAHA 
We make the difference: 


180 day limited warranty. Warranty terms are limited. See your Yamaha dealer for details. Dress proper for your ride with a helmet, eye protection, long sleeved shirt, long trousers, gloves and boots. Designed 
for off-road, operator use only. This produet is lo be used by one person oniy. Yamaha and the Specialty Vehicle Institute of America encourage you to ride safely and respect fellow riders and the environment. For 
further information regarding the SVIA rider course, please call 1-800-447-4700. Do not drink and drive. It is illegal and dangerous. "Warning: Use of certain chemicals may cause injury and property damage. 

Bre Read sprayer owner's manual and follow chemical label directions. | 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease 
Emphysema, And May Complicate Pregnancy. 
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nobody really knows where that 
transition threshold is," the admiral 
concludes. 

Norman Mayer, airship engineer 
formerly with Goodyear-Zeppelin and 
the Navy, who is consulting for his 
old service on the program, says this 
about a size limit of blimps: "The tech- 
nical limit to a blimp's size has to do 
with the strength of the envelope fab- 
ric and its seams. Га say that the size 
limit falls somewhere between twice 
the size of present airships and the 
size of the Hindenberg [803 feet in 
length and over 7 million cubic feet 
in volume].” 

Modern rigid-envelope airships are 
not merely the pipe dream of some 
wild-eyed airship engineer. Under 
Navy contract, Boeing Military Air- 
plane Co. prepared a proposal to build 
an unusual type of rigid airship (see 
photo). The Boeing Airship design 
features a rigid advanced-composite 
frame to which a composite skin is at- 
tached. Unlike traditional rigid air- 
ships in which the outside envelope 
is a mere covering, the skin of the 
new design (called by some a ‘rigid 
blimp’) carries the shear loads for the 
structure. 

Civilian airships 

“The Naval Airship Program may 
serve as a spur to civilian airship use 
because it would provide an industrial 
base,” Mayer says. "One possibility is 
using large airships for remote log- 
ging and other heavy-lift hauling 
operations. These applications look 
attractive if you can get a reliable 
vehicle,” he comments. “Several small 
firms are studying this application, es- 
pecially in Canada.” 

Mayer recently completed a study 
project for Resorts International, a 
gambling casino in Atlantic City, N.J., 
to evaluate the possibility of using 
blimps to shuttle gamblers back and 
forth from New York City. "Resorts 
wanted a 200-passenger blimp, but of 
course, there weren't any to buy," he 
says. The company actually purchased 
a Skyship 600 blimp from Airship In- 
dustries for tests (as well as advertis- 
ing), but financial problems halted any 
further efforts. It's estimated that a 
Sentinel 5000 converted to a passen- 
ger configuration would be able to 


carry from 120 to 200 people, depend- | 


ing on the range. 

We've long been fascinated by these 
huge, yet insubstantial craft that float 
so serenely in the air, but for years 
the airship seemed to be a curious aer- 
ial anachronism just waiting to die 
off. Now the stately and venerable 
airship may regain some special niches 
in a sky crisscrossed by supersonic 
aircraft. FH 
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Learn professional 
contracting techniques at 
home in your spare time | 
with NRI's new Building |” 
Construction Course. ~ 


Within the next 10. 
years, this country will. 


new homes. -—— 
and the «o 
contractors to | £ 
build them. Right now, iere S 
heavy demand for remodeling and 
renovation experts. And NRI can 
get you ready...teach you every- 
thing you need to know, get you 
ready for management and super- 
visory jobs, even your own business. 

Learn to Read Plans, 

Estimate Costs 

We start you right at the begin- 
ning, with key lessons on site selec- 
tion and planning. Then, you learn 
to lay out a home, read blueprints, 
and estimate costs accurately. Work- 
ing with a complete set of plans 
for an NRI energy-efficient home, 
you get experience in every stage 
of construction. 

Learn Professional Secrets 

You're trained to work with all 
the trades. You learn the basics of 
carpentry, masonry work, electricity, 
plumbing and heating, and more. 
And because you know what it takes 
to do the job, you know whatto look 
for when supervising and inspecting. 


Training Built Around 
Energy-Efficient Home 
You learn better because NRI 
training is practical training. You 
get over 100 action projects from 


pv SCHOOLS 
McGraw-Hill ecc 

3939 Wisconsin A Avenue T Нм 
Washington, DC 20016 ШЗ ЙІ 
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construction to building actual 
framing sections. Lessons and proj- 
ects are coordinated with a con- 
temporary energy-efficient home 
designed especially for NRI. You 
keep these plans to build your own 
home or select from more than 50 
low-cost optional plans. 


Includes Regional Seminar 
As an exclusive service, grad- 
uates may participate in optional 
owner/builder seminar. You'll get 
expert advice on local building 
codes and conditions, meet 
builders, leam more about energy 
efficiency, receive tips on financing. 
There'll be demonstrations, insider 
info on remodeling, hands-on 
programs to take part in. 
Send for Free 
Full-Color Catalog 
Get all the facts on this big new 

opportunity. Send the coupon for 
your free copy of NRIs Building 
Construction Catalog. Now is the 
time to build a future for yourself! 
If coupon has been removed, write 
to NRI Schools, 3939 Wisconsin Ave- 
nue, Washington, D.C. 20016-9973. 
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[] Air КӨП, 
Refrigeration, Heating and 
Solar Technology Courses 


Small Engine Repair Course 


i checked, | 


Appliance Servicing Course 
Locksmithing Course 
Automotive Mechanics Course 
Telephone Servicing Course 
Industrial Electronics 


TV/Audio/Video Servicing, 
Communications, Electronics, 
Microcomputers, Electronic 
Design Technology, 
Electronics Courses 
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The Handyman’s 
Headquarters 


Sale Good 

Thru 3/31/88 
Deluxe 

Garden Cart- 


300 Ib. capacity. Hauls 
wood, hay or almost any- 
thing. Big 20" ball- 
bearing wheels. Includes 
a FREE Dumpster Door! 
Item #14512 


Sale $63.99 


Easy Rolling 20" 
Ball-Bearing Wheels 


Variable Speed 
Moto-Tool Kit 

A palm sized power 
tool that makes cutting. 
shaping, grinding, fin- 
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ishing and other 

jobs easier. Item #1518 

Sale $63.99 2" Water Pump 
5,400 GPH! Chemical and abrasion 


resistant seals, 28' max. | 
lift. 3 HP Briggs 4- ae 
engine. < 1099 96 
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Sale $157.99 


Magnum Industrial 
Hole Shooter 
45 AMP motor, O-850 


McCulloch Gas ® 
String Trimmer Ff 
21.2cc engine, 15" 
cutting swath, elec- 
tl ATEN Ж 
| built in line cutter. 
Menea та йет #15053 


Sale $119.99 Sale $85.99. 


ui. a AG-TRONIC tes 
E. ——. 4000 Continuous 
Watt Generator 
Recoil start, 8 HP 
| Tecumseh engine with 
' Cast iron sleeve 
item 3t 16425. 


sae $394.99 
IN a Northern 


APM. Trigger speed con- 
trol with reverse. Mag- 
num system for chang- 
ing attachments. fast. 
Side handle. 


S a Hydraulics 


INC" Dept. #73213 


TO ORDER CALL 
1-800-533-5545 in MN 612-894-8310 


3 Energy Q&A 


Ву JAN Е KREIDER 


Do-it-yourself solar cell 


I indicated in the May '87 "Energy Q 
& A’ that a homemade solar cell could 
not be built. But I stand corrected. 
Reader Leroy Cordill of Bartlesville, 
Okla., wrote to tell me of a method 
for making your own solar cells from 
copper. While efficiency is poor, you 
could study the photovoltaic effect 
using this approach. The details are 
covered in the Amateur Craftsman's 
Encyclopedia, pp. 286—289. This book 
was published by POPULAR SCIENCE in 
1937 but is no longer in print. You may 
be able to find a copy in your local 
library. 


Heat pump vs. electric heat 


All that I have read on heat pumps | 
tells me that they are much more ef- | 


ficient than conventional electric heat. 
How would you compare the two as 
far as costs go? 


Stephen Е Orban, Maywood, N.J. 


Electric heat is cheaper to install but 
more expensive to operate than a heat- 
pump system. The larger heat pump 
companies can make this comparison 
for many areas of the country using a 
computer program at their central sales 


| location. They can tell you how much 


electricity would be used by the heat 
pump as well as by the resistance ap- 
proaches. Multiply the difference of 
these two kilowatt-hour values by the 


cost of your electricity to find the sav- 


ings per year. Divide this number into 
the difference in installation costs 
to find the number of years it will 


take the heat pump to pay itself off in | 


energy savings. Note that this calcu- 
lation ignores any air conditioning pro- 


vided by the heat pump. 


Sun-powered cooling 


I have a well-insulated all-electric 
home that I heat with wood in the 
winter. However, summer air condi- 
tioning is expensive. Where can I get 
information on solar-powered air- 
conditioning systems? 

Mark Bowen, Sulligent, Ala. 


Solar cooling systems are expensive. 


| You should make sure that the extra 


cost of such a system would be offset 
in a few years by electricity savings. 
The only manufacturer of residential- 


| sized solar-powered systems I know | 


is the American Yazaki Corp. (6700 
Haggerty Rd., Canton, Mich. 48187). 


Turbine plug-up? 


I have two wind-driven turbines on my 
roof to ventilate the attic. Should these 
be plugged up during the winter? The 
attic floor is insulated and there are 
ventilation openings under the eaves. 

Albert J. Schwalm, Houston, Texas 


There is no need to plug your ventila- 
tors. Since your attic is already open 
to the out-of-doors, one opening more 
or less won't make any difference. The 
thermal barrier is the attic floor. 


Elusive valve 


We have a wood boiler and hot-water 
baseboard system to heat our home. 
Because of the system design, a pump 
is necessary to circulate water to the 
baseboards; gravity will not do the job. 


| Our heating contractor has proposed 


a bypass system to avoid boiler over- | 
heating during a power failure, but a | 
reverse-acting zone valve is needed. I | 
am not able to find one. 
Bruce Stewart M.D., Ithaca, N.Y. 
The valve you want is a normally open 
three-way valve. You can find this valve 
where components for commercial- | 
building heating-and-cooling control 
systems are sold. For your specific ap- 
plication, plug the third piping con- 
nection because you need only the two 
that pass fluid when power is off. 


Confusion in the South 


I understand the logic of using a vapor | 


| barrier on the inside of the insulation | 


so that moist air does not penetrate | 
the insulation and condense therein. 
But what about in Southern climates? 
A local contractor told me about a two- 
year-old house whose studs were found 
to be rotting even though a tight vapor 
barrier had been used. 

James Ferron, Knoxville, Tenn. 


The guiding principle in vapor barrier 
positioning is to place the barrier on 
the high-vapor-pressure side of the in- 
sulation. This will ensure that water 
vapor cannot reach a point in the in- 
sulation where the temperature is at 
or below the dew point. In Northern | 
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You'll receive FREE details on the 
breakthrough HOME PROTECTOR" 
Wireless Security System ...from 
BLACK & DECKER. 


Can you imagine returning home 
after a relaxing vacation...or a hard 
days work...to discover that you've 
been robbed. 

According to FBI crime statistics 
this will happen in one of every four 
homes over the next ten years. And it 
could happen to you...at anytime. 


At Last...a Home Security 
Solution! 


Now whether you're leaving on 
vacation...a business trip...going to 
work ...or just around the corner to 
your local market...your home and 
family can have RELIABLE 
SECURITY! 


Introducing HOME PROTECTOR 


- STOP BURGLARY BEFORE IT STARTS! 
CALL 1-800-453-6800 TODAY! 


...Professional Quality Home Security 


that can guard your doors and win- 
dows...24-hours-a-day! 


Now...Stop Intruders Cold! 


Any intrusion effort is instantly met 
with flashing lights...a powerful siren 
..and, with our optional "on-line" 
HOME PROTECTOR Service, a direct 
call to the authorities of your choice! 


Plus... HOME PROTECTOR" 
has Failsafe Features! 

To put it simply...the HOME PRO- 
TECTOR SYSTEM is almost impos- 
sible to DEFEAT! 

The reason is EVERY component 
of the system...Door Sensors ...Win- 

dow Sensors... Siren... and the 


a“ Controller itself work indepen- 


dently. So, once ANY intrusion 
signal is sent out ...every element 
of the system is ARMED...INDE- 
PENDENT...AND IN ACTION 
PROTECTING YOUR HOME. 
Even if the System Control- 
ler is defeated, the rest of 
the System continues 
to operate. 


О) BLACKS DECKER’ ! 


TRITT 


Professional Quality at 
HALF-the-COST! 

Finally...BLACK & DECKER'S 
breakthrough technology makes 
Home Security ..AFFORDABLE! 
“State-of-the-Art” wireless elec- 
tronics make installation simple... 
and cuts the cost of Professional 
wiring...IN HALF! 

FREE Details...Call or Write 
TODAY. 

For complete details on the HOME 
PROTECTOR system...including 
“6 Things Burglars Know That You 
Should Know Too.”...call TOLL 
FREE...or Mail The Coupon TODAY. 


CALL TOLL FREE 
1-800-453-6800 


0 BLACKSDECKER^ — '! 
HOME PROTECTOR тм ï 
Dept. A130 || 
Вох 5259 il 

Clifton, NJ 07012 
OYES! | want to know more about the | 
breakthrough HOME PROTECTOR se- la 
curity system. Please rush my FREE 
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Video phones 


Your telephone rings. You press a 
button and see the caller. Press 
another button, and he sees you. 
Phones like these once required 
special phone lines and cost thou- 
sands of dollars to buy or rent, 
relegating them largely to busi- 
ness use. Now, at $399, they're 
made for your home. Page 60 


Battle blimps 


For years airships seemed to be 
anachronisms waiting to die. Now 
they may regain some special aer- 
ial niches: The Navy may build 
blimps to watch for sea-skimming 
missiles—a job patrol planes and 
helicopters can't do as well. Page 56 


4-wheel vs. 
2-wheel steer 


Does four-wheel steering drive cir- 
cles around two-wheel? We test the 
4WS and 2WS versions of the Maz- 
da 626 and Honda Prelude Si to 
find out. e 30 
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POPULAR SCIENCE invited five work- 
shop experts to name some unusual 
tools they wouldnt live without. 
Here are 10 of their favorites— 
from a cordless screwdriver to a 
foot-inch-fraction calculator. Page 73 
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By РАМ McCOSH Detroit Editor 


Independent Volvo 


The tall slab-sided look of early Volvos 
stemmed partly from the height of the 


MacPherson strut towers, among the | 
first on a production car. Now Volvo | 


turns a complete circle with a multi- 
link independent rear suspension for 
the 760/780 series—a radical change 
for one of the last holdouts of the solid 
rear axle. 

When I drove the new 760 near 
Volvo's Kalmar, Sweden, plant, the 
new suspension proved impeccable at 
cornering, while both softer riding and 
quieter than the old setup. Bolting the 
rear differential to a solid subframe 
reduces unsprung weight—the main 


reason for the improvement in ride | 


and noise transmitted to the passen- 
ger compartment. 

But Volvo's principal concern while 
developing the new rear suspension 
was camber control. The goal was at 
least to duplicate the zero change of 


Automotive Newsfront 


its old single-piece axle. The company | 


decided on a four-link design similar | 


to Mercedes', which uses two control 
links per side along with trailing arms 
and coil springs to control the power 
of the two engine options: a turbo- 
charged 2.3-liter four-cylinder or a 
2.8-liter V6. 

Both the 760 and the 780 get the 
new axle, which is likely to end up in 
future Volvos as well. The new axle 
complements the new styling of the 


760, which boasts a lower coefficient | 


of drag. Volvo recently opened a new | 


wind tunnel, a sign aerodynamics 
will play an important part in future 
design. 

For the future, Volvo continues work 
on its version of the Lotus active sus- 
pension system [“‘No-Springs, No- 
Shocks Suspension," July '86], which 
replaces springs with computer-con- 


trolled hydraulic struts. It is one of a | 


half-dozen companies seriously work- 
ing on the system, now in its third 
generation. 


Gullwinged 3-wheeler 


Is this the shape of the fu- 
ture for sporty personal 
runabouts? Volkswagen 
recently brought over its 
three-wheeled Scooter, 
which has been exhibited at 
auto shows in Europe for 
the past couple of years. 


14 | POPULAR SCIENCE 


Editor Herb Shuldiner had an oppor- 
tunity to drive the mini car at a VW 
press showing in Monterey, Calif., re- 
cently. The 10-foot-long Scooter looks 
smaller than the inside space feels 
when you're behind the wheel of the 
prototype, he reports. VW claims the 
Scooter can top 120 mph, but Shul- 
diner says he never had an opportu- 
nity to really drive the little car any- 
where near that speed because the test 
course was a crowded paddock area | 


Dm „= ._ 


Design exercise by VW produced 1,200-1Ь. Scooter—a 
cross between a performance motorcycle and sports car. 


| headlights and door handles, VW 


New independent rear 
suspension (left) for Volvo 
760 (below) uses four con- 
trol links—two per side 

—along with trailing arms 
and coil springs to keep 

camber under control. 


at Laguna Seca race track. "I had to 
maneuver the Scooter around huge 
earth-moving vehicles," he said. "It 
was impossible to even get into fourth 
gear. 

The Scooter has an amazing 0.25 
coefficient of drag, thanks to flush 
bumpers, seamless glass, and flush 


claims. But if you want to really feel 
the wind when you drive, the gull- 
wing doors and rear window can be 
removed. 

A 1,400cc, four-cylinder water-cooled 
engine powers the Scooter. The engine 
is rated at 88 horsepower. VW has no 
plans to produce the car, which cost 
$3 million to build. That comes to a 
cool one million bucks per 
wheel. 


Fiat Uno ABS 


Fiat S.p.A. has joined Ford 
of Europe with low-cost anti- 
lock brakes as a small-car | 
option, but with a rival Brit- 
ish concept. Ford led the 
field, offering Lucas Girling 


Continued 
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An ext ‘aordinary series 
of official legal tender coins — 
v the first of its kind ever issued 
L by any government ... 


The coins in this collection 
will bear the portrait of 
Queen Elizabeth I. created 
for contemporary coinage. 
Shown actual size. 
Diameter: 35mm. 


Em 

| Available by subscription only. 

* Face value: $20 U.S. / Price for 

„ , Collectors Proofs: $29 U.S. 

Price guaranteed for subscriptions 
entered by March 31, 1988. 


THE CARIBBEAN ... crossroads of 
empire and wealth. Where galleons, 
|  men-of-war and marauding privateers 
», challenged the elements—and one an- 
other—in their quest for treasure. And 
where, today, ا‎ explore for 
„ those ships that went down long ago— 
- Jaden with riches beyond measure. 
Now, for the very first time, vou can 
acquire a collection of official coinage 
that embodies this seafaring heritage of 
the Caribbean. A collection of monetary 
+, coins unlike any other ever issued. 
Consisting of 25 sterling silver coins 
* that recapture, in superb sculptured 
„ detail, the legendary treasures of the 
. Spanish Main. 
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| OFFICIAL SUBSCRIPTION APPLICATION 
pr’ , " 

The TREASURE COINS of the Caribbean 


The Franklin Mint 
Franklin Center, Pennsylvania 19091 


„у Coins of the Caribbean,” on U 
Virgin Islands with the face value o 


case wi 


É 


| 


Please enter my subscription for one Proof Set of "The Treasure 
i { of 25 coins of the British 
$20. each, to be minted in 
solid sterling silver and sent to me at the rate of one per month. 
P^ I need send no monev now. I will be billed $29.* for each silver 
Proof, beginning when my first coin is ready to be sent. This 
=. price is [нашей to me for the entire series. My presentation 
, e sent to me at no additional charge. 
*Plus my state sales tax and $1. for shipping and handling 
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IN SOLID STERLING SILVER 


+ Acollection of 25 silver Proof coins, portraying the most important 
„ sunken treasures of the Caribbean — recovered and unrecovered. 


As legal tender of the British Virgin 
Islands, the coins will bear a face value 
of $20, equal to $20 in U.S. currency. 
The coins are large —the size of cov- 
eted pieces of eight. And Proofs will be 
ай only іп solid sterling silver. The 
use of this precious metal is becoming a 
rarity in world coinage — especially in 
coins of this size and weight. 

Portrayed on the coins will be the 
most significant treasures of the fabu- 
lous ships of fortune lost in the Carib- 
bean. Each has been selected through a 
major initiative involving marine ar- 
chaeologists, treasure-divers, and such 
noted repositories of maritime records 
as the British Museum, Lloyds of Lon- 
don, and the Archivo General de las In- 
dias —the leading authority on Spanish 
colonial shipping. 

There will be coins showing the great 
riches of empire. ..bejeweled rings, ex- 
quisite works of silver and gold, royal 
revenue and private wealth that never 
reached its destination. Other coins will 
depict significant archaeological finds 
—offering a view of life during the age 
of exploration. And perhaps most in- 
triguing of all will be the silver coins 
portraying those treasures still undiscov- 


ered —but whose existence is known 


through drawings, ships manifests, 
and maritime disaster reports. 
‘+ Taken together, these 25 match- 


Signature 
Mr./Mrs./Miss 


Address. 


City, State, Zip = 


The Government of the British Virgin Islands announces 


The TREASURE COINS 
М of tbe Caribbean 


ing denomination coins will constitute 
the most comprehensive series ever is- 
sued on a unified theme. A collection 
unequaled in scope by the coinage of 
any nation in our time. 

The collection is available by sub- 
scription only. The Government of the 
British Virgin Islands has authorized its 
official minter, The Franklin Mint, to 
accept and fulfill valid applications. 
Subscriptions entered by March 31, 
1988, will be accepted at the guaranteed 
price of $29 for each sterling silver 
Proof. To make this guarantee possible, 
the minter will contract for sufficient sil- 
ver, at current prices, to cover the en- 
tire series of coins for each subscriber. 

Each Proof coin will be accompanied 
by a reference folder and location map, 
relating the intriguing story of the treas- 
ure portrayed. А special presentation 
case for the collection will be provided 
at no extra cost. 

By entering your subscription now, 
you and your family can share a unique 
adventure in collecting— as you build a 
valuable treasure of solid silver coins. To 
acquire your collection at the guaran- 
teed price, return the accompanying 


application by March 31, 1988. 


Please mail by March 31, 1988. 


—: a Á4 


ALL APPLICATIONS ARE SUBJECT TO ACCEPTANCE. 


PLEASE PRINT CLEARLY 


Se 


85599- 244 . 
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CONTROL UNIT 


ANTI-LOCK MODULATOR 
(RIGHT FRONT/LEFT REAR) 


VACUUM 
RESERVOIR 
TANK 


SPEED SENSORS 


AP AntiLok (above) is a two-channel 
system for front-drive cars with brakes 


Stop Control System (SCS) on its Es- 
cort and Orion models |"Breakthrough 
in Anti-Skid Technology," Sept. '86], 


but the Italian company chose the Au- | 


tomotive Products Lockheed AntiLok 
system [Oct. '87] for a high-perfor- 
mance version of the Uno Turbo. Au- 
tomotive Products cuts costs over more 
sophisticated systems by utilizing en- 
gine vacuum as a power source in 
place of the more expensive high-pres- 
sure hydraulics. Its vacuum-powered 
modulator operates a hydraulic valve 
in each brake channel that regulates 
and pulses fluid pressure under elec- 
tronic control. The option is expected 
to be priced approximately $700, less 
than half the cost of any German- 
made ABS. 


| Chips go racing 


The worst enemies of electronics are 
heat, vibration, and dirt. 5o when Ford 
looked around for a really tough en- 
vironment in which to test its pro- 
duction on-board computer control 
module, it couldn't really have de- 
signed a more torturous test bench 


| Opel Senator sports an independent 


suspension and electronic transmission 
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featuring “Economy,” ‘Power,’ 
“Winter” (anti-wheelspin) modes. 


using diagonally split hydraulics. Elec- 
tronic sensors detect wheel lockup. 


Ford’s EEC IV computer is tested at- | 
tached to a Formula I racing engine. | 


than the engine block of a Formula I| 
racing car. Engine-rpm limits аге | 
around 14,000, and the control unit} 
is constantly exposed to temperatures | 
as high as 180 degrees Е (The produc- 
tion-car control modules are almost al- | 
ways installed inside the much more 
environmentally benign interior of| 
the automobile.) 


* and 


лара 


On the race course, the 1.5-liter For- 
mula engines are able to produce from 
1,000 to 1,300 horsepower with twin 


turbochargers— depending on the 


amount of turbo boost the racing team 
has dialed in. And with that kind of 
muscle, the 1,250-pound race cars 
reach top speeds of about 220 mph and 
can zip from 0 to 60 in less than three 
seconds. 

About the only important difference 


between the production EEC IV com- | 


puter application and the race-car use 
is the amount of time the control unit 


| | needs to function. 


"Because each control unit is cali- 
brated for that particular engine 
to get maximum performance—and 


these engines can only last about five | 
hours before they need to be rebuilt | 


or replaced—the control unit is only 


operating for a relatively short amount | 


of time under those extreme condi- 
tions," explains Bob Fortier, Ford 
Motor Co.’s supervisor of unique con- 
trol systems. 


Japan's newest German? 


The newest offering from General Mo- 
tors West German subsidiary, Opel, 
is the $25,000 luxury Senator. Featur- 
ing a 177-hp three-liter six-cylinder 


controlled four-speed automatic trans- 


| mission, the executive-class sedan was 


supposedly to have been imported by 


| engine and GM's latest electronically | 


GM's Cadillac division. But I was told | 


| by Cadillac officials that won't hap- 


pen because of the dollar-to-deutsche- 
mark value. Instead, Opel will export 
the Senator to Japan. 


| Braking bravado 


Anti-lock brakes, hailed as one of the 
greatest advances in improving vehi- 
cle control in years, seem to have gen- 
erated increased aggression in West 
German taxi drivers. 

In a study commissioned by the 
West German Transportation Minis- 
try, researchers found that cabbies 
moved more boldly in traffic and took 
greater risks, apparently depending 


| on the performance of their superior 


brakes to bail them out. 

Obviously undeterred by the study 
and encouraged by the rapid accep- 
tance of anti-lock systems by most 
major manufacturers, West Ger- 
many's Robert Bosch GmbH recently 


8S9 | announced plans to open a new fac- 
| tory to manufacture anti-lock brakes 
in the U.S. 


Contributors: Jack Keebler, Herb Shuldiner (New 


York), David Scott (Europe) 
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Advertisement 


Save Gas, Save Engine with POLY" 


GUARANTEED LOWEST PRICE (SEE DETAILS BELOW) 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (ТЕЕ). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO I KNOW THIS ISN'T A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest" magazine (March/April 1982. 
p. 35) states "Slick 50 does reduce en- 
gine heat and ordinary wear, and our 
informal tests indicate that it will im- 
prove gas mileage by about two or 
three miles pergallon.... Slick50 does 
exactly what Petrolon claims it does." 
Researchers at anationally respected 
research laboratory, after applying 
a powerful ultrasonic cleaning pro- 
cess to a Slick 50 treated engine part, 
were surprised at its permanence. They 
stated, Weactually expected the Petro- 
Lon Slick 50 TFE Resin coating to also 
be removed, but later found it was still 
there." 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use showed 
almost zero engine wear ! 

TUV, a German testing laboratory 
with credentials every bit as presti- 
gious as our Underwriters Laboratories, 
tested Slick 50 in 1986. They found 
substantial increases in both gas mile- 
age and horsepower. Theirtests showed 
that these gains were due to a reduc- 
tion in friction. 

Atest doneat the San Diego State 
University revealed that, Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
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vania and shown on television station 
WTVE. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. 

HOW DO YOU TREAT AN EN- 
GINE? Very simply.Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for30 minutes, and leave it in the 
crankcase for 3,000 miles. Add two 
quarts for engines with oil capacities 
of seven quarts or more. 

Slick 50 gives a permanent coat- 
ingso you need to treat only once, not 
each time you change oil. Slick 50 is 
also excellent for turbocharged engines, 
aluminum block engines and rotary 
engines. 

WILLITWORK WITH MOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 
Slick 50 does all of the following: it 
increases gas mileage. |t increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 


in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gas is poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and guides is very valu- 
able. Last, but not least, the drastic 
reduction in engine wear can delay 
costly overhauls which can in fact 
cost well over $1,000. Slick 50 elimi- 
nates the "lubrication starvation" that 
all cars experience when first started 
before the oil has a chance to circu- 
late. Up to 90% of the wear onacarcan 
be caused by this lubrication starva- 
tion. You receive all of these benefits 
for less than the cost of two tanks 
of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINE OR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc.), 2-Cycle Engine 
Treatment, Grease, Fuel Conditioner, 
and Fabric Protector. Free information 
is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
or send to: FORT MORGAN SLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

GUARANTEED LOWEST PRICE ! 
If at time of purchase you have seen 
Slick 50 advertised in a current maga- 
zine at a lower price, we will beat that 
price by $2.00 per quart. 
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О I enclose %39.95+%4.00 shipping & hand. 
О I want 2 or more (free shipping & hand.) 


[] Check О сор. Г] Visa/MC 
Card" _ سے‎ Exp. 
Name 

DSSS ERU RE CURE dcm 

City 

State Zip 


Electronics Newsfront 


By WILLIAM J. HAWKINS 
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| GE's high-resolution LCD can be pro- 
| grammed to display attitude control, 


| Hang-on-the-wall TV closer? 


Scientists at General Electric's Re- 
search and Development Center have 
developed a nine-inch diagonal color 
liquid-crystal display (LCD) that con- 
tains over one million pixels. "That's 
the largest number of pixels ever put 
on a single liquid-crystal display," says 
Thomas L. Credelle, the center's dis- 
play program manager. 

A typical LCD device—used in pock- 
et TVs, for example—has about 240 
by 300 pixels, a total of 72,000, and 
delivers a fair-quality picture. The one 
million pixels—nearly 27,000 per 
square inch—on the GE device gives 
the display a resolution that's compa- 
rable with a high-quality video moni- 
| tor. "It's at least twice as high as a 
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engine performance, logistic and bal- 


listic data, radar images, and video. 


standard color TV, Credelle says. 
But don't look for it in a TV any- 


time soon. The 6.25-by-6.25-inch flat- 


panel prototype above is being devel- 
oped by GE’s Aircraft Instruments De- 
partment for use in an aircraft cockpit. 
Like any LCD display, it isn't washed 
out by bright light; the brighter the 
better, in fact. "Visibility in sunlight 
is one of the big pluses for this tech- 
nology," says Credelle, "besides the 
savings in weight and power.” 

Designers see the LCD as an excel- 
lent alternative to present cathode-ray 
tube displays, which are relatively 
heavy, require a 14-inch depth for the 
electron gun, and need a high-voltage 
source. The light LCD panel is “10-inch 
thick (three inches with a backlight), 
and works on low voltage. 


| Hyperactive computing 


Imagine a huge stack of magic file | 


| cards. Each card can somehow contain 


up to 30 double-spaced pages of text, 
graphics—including photos—and 
sound. Some of the cards are ani- 


| mated; others are linked invisibly to 


related cards or stacks. 
Here’s a card with a phone num- 


| ber. Touch it, and it dials the phone. 
| Here’s another with a drawing of an 


antique car. Touch the car’s wheel, and 
out pops another card showing a wag- 
on wheel, then another with a bicycle 
wheel. 

Yet another card is filled with text 
describing the space shuttle. And at 
my request an additional handful of 
shuttle references pop from the magic 


| stack. 


What’s happening here? It’s Hyper- 
Card, a new program for the Apple 
Macintosh that magnifies the comput- 
er's power to manage information. 

Programming wizard Bill Atkinson, 
developer of MacPaint, spent three 
years developing HyperCard. It can be 
used to program your own data base 
or modify an existing one, with no spe- 
cial talent required. 

“I think of it as snap-together soft- 
ware," Atkinson said. "It gives a non- 
programmer the ability to create a 
program." If you dont wish to do any 
programming, you can settle for the 
hundred or so pieces provided in the | 
HyperCard four-disk set. "The parts 
come complete with motors and bat- 
teries," Atkinson said allegorically. 
"They're ready to work." 

The parts are icons that trigger spe- 
cific actions, such as dialing the phone 
or searching for a picture, and frame- 
works for storing information. А 
"card" fills the screen. A disk file is a 
“stack” in HyperCard. And Stackware 
is a collection of stacks. 

One of the program's unique aspects 
is that users can jump between related 
cards or stacks of cards in a fraction 
of a second. In other programs, it's nec- 
essary to go through the time-consum- 
ing steps of loading a new file to see 
what's in it. In HyperCard, any card 
in any stack is available by using the 
mouse or by entering a simple key- | 
board command such as "go clip art." 

The secret of the quick search is At- 
kinson' creation of “hint bits" associ- 
ated with each card. Hint bits are © 
stored when the card is created and 

Continued 
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"(Wassic aviator 

style with black 
finish frame. Specify 


lenses $13.95 or UV 
„Plus™ lenses $19.95 


” 1616 

» Aviator design alu- 
minum black finish 

y frame. Specify UV 

Blocker™ lenses 

17.95 or UV Plus™ 

lenses $23.95 


” 800 
The Olympic shooting 
glass. Optical quality 


+ 2020 
Top of the line tortoise 
*"(inish Italian made 
frame with tension ad- 
jüstable thin wire tem- 
ples and brown gradi- 
ent tinted UV Blocker™ 
,4wenses at $23.95 or with 
UV Plus™ lenses at 


> $33.95. True optical quality! 


m 


2120 
Black finish 
plastic frame with ten- 
"sion adjustable thin 
wire temples and UV 
Plus™ lenses at 


pow 


„ $25.95. Also available with 
"Bolar Blue CR-39 Polarized 
UV Plus™ lenses in a mat gray 
finish. Italian made frame $69.95. 


* YThe ultimate sunglass! 


є 


gark gray UV Blocker™ 


frame w/rubber covered 

cable temples and virtual- 

ly indestructable polycar- 

bonate lenses. Specify gold 

* frame with gray or yellow UV 
Blocker™ lenses $19.95 or black 
= frame with UV Plus™ lenses $29.95 
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100% ULTRAVIOLET PROTECTIOI 
The new UV Plus™ lens by Olympic Optical absorbs 100% of the sur 
harmful ultraviolet rays as well as offering the advantages of a blue lig 
filter. Blue light is not easily focused by the human eye because of 
position at the very end of the visible light spectrum. Blue light 15 al 
easily scattered by dust, fog and haze. By filtering blue light t 
remarkable new UV Plus™ lens greatly increases contrast and definitic 
Through them you'll see razor sharp detail and your eyes will experien 
a new feeling of relaxation. Pilots, race car drivers, shooters, and golfe 
are only a few of the outdoor enthusiasts who report increased visi 
acuity with UV Plus™ lenses. 

The amber /orange UV Plus™ lens is offered in a variety of quality fram 
at surprisingly affordable prices. Most frames are available with | 
Blocker" lenses for ultraviolet protection in gray or brown tints. Flip-i 
clip-ons are available with either regular UV Blocker™ polycarbon: 
lenses or optical quality CR-39 UV Plus™ lenses. 

If you want the ultimate sunglass you need Olympic's new Polar Blue 
sunglass which offers all the benefits of the UV Plus™ lens with t 
added benefit of a polarizing filtrer for protection against reflected gla: 
Polar-Blue™ lenses are made of optical quality CR-39 and are fitted ir 
mat gray finish Italian made frame. Absolutely the ultimate driving a 
fishing glass. 

Olympic Optical has been supplying the optical needs of police a 
sportsmen since 1976 and its products are sold in 50 states. You c 
order with confidence — if not completely satisfied, you may retu 
your purchase within 10 days for a full refund. 

DELUXE CARRYING CASE AND DEFOGGING CLEANING CLO 
INCLUDED WITH EACH PAIR. 


Olympic Optical Р.0. Box 181232, Memphis, TN 38181 
Please specify ыш; Ова о TOTAL 


[278 UV Plus ; 
|1616 UV uu 
.11616 UV Plus @ $23.95 
300 UV Yellow @ $ 
_ 1300 UV Gray @ $19.95 — 
300 UV Plus @ $29. EN 
2020UV @ $2395 — | 
12020 UV Plus @ $3395 — 
12120 UV Plus @ $25.95 | 
2120 Polar Blue @ $69.95 
21 UV Flip-up Clip-on @ $15.95 


22 UV Plus Flip-up Clip-on @ $29.95 


Postage & Handling — — ~ 20 


(For Delivery Outside The U.S. Add $6.00) 


TOTALCOST 


if 2 of more pairs are VETE по снаа lor domestic postage. SORRY NO C.0 D.'s. Tennessee 
residents add 5% sales tax. 


O Master Card O Visa [1 Check enclosed [1 Money Order 


Credit Card # Iii id GELS 


Expiration Date: 

Authorized Signature: — 

Name: 

Phone: с ee - 00 

Address: domm ed ! 6 
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BEL TECHNOLOGY BREAKTHROUGH BEL TECHNOLOGY BREAKTHROUGH 


ә Band Radar 


"s 


Pwr 


| EXPRESS Z 


Model 944 


\ claim we make with confidence second frequency, К Band (24.150 GHz). меге left defenseless. But now there's a : 


m 


because the EXPRESS 3 is the Today the use of X and K Band police choice: drive uninformed with yesterday's] 


FIRST radar detector able to radar units on highways throughout radar detector or travel prepared to +4 
detect X Band, К Band and the recently е country is commonplace. Enter Ka receive X, К and Ka Band police radar 
introduced Ka Band police radar. Band (34.36 GHz) and a new era for with the EXPRESS 3. 

The key to detecting 3 Bands is traffic radar. : ~ 
Image Rejection Technology or IRT®. During 1987, Ka Band police radar IRT® Breakthrough ad 
This BEL breakthrough also provides equipment was placed in service. Tickets A signal processing technology called ¢ , 
the EXPRESS 3 with twice the X and K меге issued. And drivers equipped image rejection, used in military satel- 
Band sensitivity of ordinary super- with only X and К Band radar detectors lite communications, provides optimum * 
heterodyne radar detectors. With 3 Band reception of satellite signals transmitted ,. .. 


detection capability and superior X and 
K Band sensitivity, the EXPRESS 3 has 
no equal. It's the new industry standard! 


Ka: The Third Band 

Initially, X Band (10.525 GHz) was 

the only frequency used by police radar. heterodyne® circuitry, ІКТ delivers 

Later, police radar manufacturers intro- twice the sensitivity of any other super- r» 

| duced equipment transmitting at a components for reliable performance. heterodyne radar detector. 


from tens of thousands of miles away. 
The EXPRESS 3 contains this same 
technology, adapted and enhanced by 
BEL engineers to provide а new stan- -+ 
dard in radar detection. 
When combined with BEL's Compu- i 


« 


BEL TECHNOLOGY BREAKTHROUGH BEL TECHNOLOGY BREAKTHROUGH 


tection Is Here 
BEL EXPRESS 3 

detects X, K and new 

Ka Band police radar. 


Y 


g ۴ 
+L 


E 


+ 


Hs 


` The new standard in 


radar detection. 


. RT? Technology 


., The secret behind ІКТ” is the 
unique method by which extraneous 
"microwave "noise" is significantly 
reduced as signals are processed. So 
significant is the noise reduction, that 
“police radar signals previously unde- 
Aected can now be identified and pro- 
cessed. À conventional superheterodyne 
'radar detector can't see buried police 
-radar signals, much less warn you in 
time of their presence. ІКТ makes the 
difference. Even "false" signals can be 
fecognized and eliminated with more 
,precision than ever before. A decided 
plus in city travel. 
> Designed For You 
* While BEL engineers were perfecting 
ART”, our designers were at work 


shaping, styling and creating a radar 
detector that looks as great as it per- 
forms. The EXPRESS 3 is sleek and 
compact with precision controls. Func- 
tional and well equipped, its features 
include: separate audio and visual alerts 
for X, K and Ka Bands, False Signal 
Recognition Mode, Pulse Alert, Audio 
Mode, Volume Control, Dark Mode, 
Rashid (Radar Safety Brake®) Rejection 
Circuitry and Signal Strength Meter. All 
are standard on the EXPRESS 3. 


Experience Shows 

A radar detector this advanced 
wasn t developed overnight. The 
EXPRESS 3 is the result of years of 
extensive design and manufacturing 
experience in the field of consumer 
electronics. Over the years, BEL has 
introduced a number of industry firsts. 


Rashid Radar Safety Brake isa registered trademark of VRSS. 


Including computer controlled super- 
heterodyne circuitry (Compuhetero- 
dyne®) and GaAs diode technology. 
Both of which can be found in the 
EXPRESS 3. The EXPRESS 3 took years 
to develop, but it's yours today! 


The ІКТ” difference 

A police radar signal is often buried by 
microwave "noise", making it invisible to 
ordinary superheterodyne detectors. 
Image Rejection Technology" however, 
reduces this surrounding microwave 
"noise" making the same police radar 
signal visible for early detection. 


EXPRESS 3 with IRT” 
sees the same signal 
clearly by reducing 
microwave "noise 


How a conventional 
superheterodyne 
radar detector sees a 
police radar signal. 


Don’t Delay 

You can own this new standard in 
radar detection today for only $359.95! 
Just call toll-free to order. UPS delivery 
is free. Or ask about our Federal | 
Express overnight service. If you're not 
completely satisfied, simply return the 
unit within 30 days for a full refund 
(factory direct only). The EXPRESS 3 
comes with a full 1 year warranty on 
parts and service. 
1-800-341-1401 U.S.A. 
= ammo 1-900-845-4929 N.Y. only 
EZ SS 1-800-268-3994 Canada 


BEL-TRONICS LIMITED 
The Intelligent Choice 


"Registered trademark of BEL-TRONICS LIMITED 
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allow the search function to ignore 
cards that obviously don't contain the 
target. “It could do a full text search 
of fifteen megabytes in two seconds," 
Atkinson said. 

According to industry seers, Stack- 
ware will be a driving force in 1988 
software sales. Among the early com- 
mercial Stackware packages are two 
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active stacks to be used in business, 
including daily, weekly, and monthly 
appointment calendars; a "to do" stack; 
stacks for logging in, timing, and mak- 
ing notes about incoming and outgo- 
ing phone calls; a data stack listing 
clients and pertinent information; 
other stacks to track proposals, record 
expenses, maintain automobile re- 


Fish of ponds and 
rivers 

Rivers and other inland 
waters throughout the world 
Support a rich and varied fish 
population, but it is chiefly in 


the Northern Hemisphere that 
freshwater fish are favored as 
a popular source of food. This 


is probably because of the . 


much larger areas of 


| continental land mass in the 


Northern Hemisphere, which 
result їп greater fish 


useful entries from Activision: Focal 
Point and Business Class. 
Focal Point is a collection of inter- 


cords, and more. 


AMERICAN FIREARMS FOR AMERICAN SHOOTERS 


RUGER 


‘The Only 
American 
Made 
Over and 
Under 
Shotgun 


The Ruger Red Label shot- 
guns, in twelve and twenty 
gauge, are engineered with 
American firearms know- 
how, based on contemporary 
American trap and field 
experience. Designed 
and manufactured to 
exacting standards, 
Ruger's Red 

Label sets a new 
standard in the 

elegant over and 

under tradition. 

‘The Ruger Red Label 
Over and Under is making 
shotgun history— American 


engineering achieving an ® 
international standard of (3), 
] eR 
— кв 4 STURM, RUGER 
Ruger 12 gauge Red Labels Sy & Company, Inc. 


now available with screw-in 


chokes, 26 or 28 inch barrels. 3l Lacey Place, Southport, Connecticut 06490 


Ruger 20 gauge fixed chokes 
available in 26 or 28 inch Free instruction manuals for all Ruger 
barrels. firearms are available upon request. 


Entire contents ©1987 by Sturm, Ruger & Company. 
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Business Class is designed for world 
travelers and is the barest hint of 


distribution in inland waters, 


Fishing for data: HyperCard’s Stack- | 


ware holds data on many subjects. 


Stackware potential. Its opening card 
is a world map, showing day and night 
around the globe accurate to the lat- 


| est minute. Point and click on any of 


70 countries, and cards pop up with 
basic information on that country: 
time zones, visa requirements, air- 
lines, railways, major hotels and phone 
numbers in key cities, weather, social 
customs, the kind of electrical con- 
verter needed, and much more. You 
can even enter today's exchange rate 
to get instant currency calculations. 

While Business Class shows some 
of HyperCard's potential, it also dem- 
onstrates one drawback: Stackware's 
massive use of disk memory. These 
stacks already fill two disks and pro- 


vide only bare-bones information. | 


Some Stackware now being developed, 
Apple officials said, will come in 20- 
disk sets and even larger sets are 
contemplated. 

HyperCard is $49, but comes free 
when you buy a Macintosh. 


Flexible electrolyte 


Matsushita Electric Industrial Co. and 
Japan Synthetic Rubber Co. have de- 
veloped a solid electrolyte that is pa- 
perlike flexible and can be made as 
thin as a few micrometers. Because 
its dry, flexible, and thin, it can be 
used in a variety of new ways. For ex- 


| ample, semiconductor devices could 


have their own internal battery back- 
up. Result: Future memory and switch- 
ing circuits will never forget. 


Disk chip 

Remove the disk drive from a comput- 
er, and you eliminate some problems, 
complexity, and cost. Now engineers 
at NEC Corp. could be closer to replac- 
ing the heavy mechanical data saver 
with a "silicon file memory." The 
128-kilobyte chips consume little power, 
and a 20-megabyte set— capable of 
holding data for months with an in- 
ternal battery—fits in a space equal 
to a half-height 5.25-inch drive. 
Contributor: Jim Schefter 
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TOMAHAWK? Chi 


{ city 


er/Shredder! 


mulch around trees and borders to give your 
home a "professionally landscaped" look! 


superior performance! | e Make mountains of FREE mulch and 

e it’s a powerful chipper...handles big compost...Have your most productive garden 
branches up to 3" in diameter with ease! ever...without having to buy expensive store 

e it's an efficient shredder...turns almost any bought mulch and fertiiizer! 

organic matter into perfect mulch and com- e Save time and work...shredded mulch 
post almost immediately! means less weeding and watering! 

e Revolutionary New Compact Design... e Shred all those fall leaves into fine textured 
7 ways better than bulky "old style" chipper/ mulch or compost material instantly! 
shredders! e Professional quality...Industrial strength 

e Beautify your property де! rid of ugly construction...designed, sized, and priced 
brush piles...use the resulting wood chip for the homeowner! 

e 3 Model Sizes...for small suburban lots, to 
m— big country properties! 
cH ў. Р e At Your Home 30 Day TRIAL OFFER! 
^ .. e Exclusively from the makers of the 


famous Troy-Bilt® Tiller! 


Why put up with unsightly brush 
piles any longer? Turn all your or- 
ganic throw-aways into useful wood 
chip mulch and compost material... 
| have the kind of place you've 
always dreamed of...with the 
quick and efficient 
TOMAHAWK® 
Chipper/Shredder! 
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Running rings around their conventional-steering brothers, the four-wheel-steer Honda Prelude Si (far left) and Mazda 626 


Does four-wheel steering drive circles around two-wheel steering? Today, two cars—the Mazda "7 
626 and the Honda Prelude Si—come in 2WS and 4WS versions, making it possible to test ? 
essentially identical cars that differ only in steering. Track tests showed that high- and ‚ 
low-speed handling are improved, as claimed. But there are drawbacks. 
| | h 
By DAN McCOSH as a computer fed in enough rear-wheel thorough understanding of what the 
Photos by Greg Sharko steer to control the maneuver. real benefits are. Despite my previous "t: 
Under these circumstances steering experience, I still got some surprises. icd 
our-wheel steering can give youa the rear wheels becomes a logical ex- Most manufacturers these days are 
kind of warm milk-and-cookies se- tension of the whole package, not a actively researching four-wheel steer- ^ 
curity even in a driving rainstorm, tricky gimmick. But this is a conclu- ing, primarily for two reasons: They see 
which was just what I needed on а sion І come to with some reservations, it as a way to enhance high-speed han- "m 
windy trip home from the airport in even after a month spent driving and dling, particularly in abrupt lane- 
Mazda's new four-wheel-steer 626. track testing back to back the only cars change maneuvers, and also as a way a 
Swinging out through the spray currently on the market with four- {о increase the ability of a car to squirm 
kicked off by the rear wheels of a semi wheel steering—the new Honda Prel- into a tight parking space. ч 
tractor-trailer, I had a full house of elec- ude Si and Mazda 626 sedan—in both If you've ever pushed a shopping cart 
tronics at my disposal. If I stabbed the their conventional and 4WS versions. backward, then you've seen why steer- t 
brakes, they would be modulated with I'd been listening to technical argu- ing the rear wheels enhances low-speed Р. 
an anti-lock system. Accelerating, the ments оп the merits of actively steer- maneuverability. But the effect of rear " 
transmission shifted precisely—elec- ing the rear as well as the front wheels steer at high speeds is more subtle. " 
tronically. The steering was made taut of a car for over a year and had Controlii 
by another microchip that read the driven several prototypes |"Four-Wheel ONIFON Jaw "s 
speed and reduced the power boost. And Steering,” Feb. '86; *Four-Wheel-Steer- The central issue is what engineers 
if I had to change lanes or cut the steer- ing Showdown," Aug. 87]. Now I was call yaw—the rotation of a car as ч 
ing wheel suddenly, I knew that the anxious to try each саг both with and viewed from above as it changes direc- 
rear wheels would stabilize the swerve without four-wheel steering to get a tion in a corner. Conventional steering aS 
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systems move only the front wheels, 
and as the driver begins a turn, rota- 
tion of the whole car has to begin be- 
fore the rear wheels also begin to alter 
course. The slight time lag between 
when the front wheels begin a turn and 
when the rear wheels follow can hang 
the rear end out in a corner. 

But by turning the rear wheels slight- 
ly in the same direction as the front, 
the back end of the car starts to turn 
at the same time as the front. The re- 
sult should be the rear wheels track- 
ing close to the line taken by the front 
in a curve, and less tail wagging in 
lane-change maneuvers. 

Although engineers agree that the 
effect is desirable, they have not agreed 
on the best way of achieving it. Honda, 
for example, uses a mechanical gear- 
box working off the front steering gear. 
А gearbox and cam follower turn the 
rear wheels in the same direction as 
the front for shallow steering angles. 
At larger steering angles, the rear 
wheels reverse direction and turn op- 
posite to the front. 

The reasoning behind Honda's design 
is that at high speeds a small angle of 


Continued 
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(far right) show off their cornering capabilities. Standing still: two-wheel-steer 626 (left) and Prelude. 
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The four-wheel-steer advantage: In iden- 
tical high-speed maneuvers the 4WS 
Honda Prelude Si (top left) appears 
more controllable compared with its 


steering wheel input is all that is gen- 
erally used. Small angles at the front 
generate even smaller angles at the 
rear, in the same direction as the front. 
But when the steering wheel is cranked 
further—as in a parking maneuver 
—the rear wheels return to neutral. 
Even more cranking produces counter- 
steering, with the rear wheels angling 
in the the opposite direction as the 
front—shortening the turning circle. 


Speed-sensitive system 


The Mazda system is similar, but 
rather than using a direct mechanical 
link between the front and rear steer- 
ing boxes, Mazda couples two power- 
steering systems together via a speed- 
sensitive computer. The rear-steer 
reversal takes place at 22 mph, rather 
than at 250 degrees of steering-wheel 
angle, as on the Honda system. These 
design differences affect the crucial 
timing of when and how much the rear 
wheels steer—which the test team was 
anticipating would affect both the han- 
dling through our high-speed handling 
and low-speed maneuverability tests 
and the feel of the cars on the road. 
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conventional sibling. The rear епа of the 
2WS Prelude (above left) drifts to the 
left as it makes a 67-mph lane change. 
The anti-lock difference: Without ABS, 


But angle sensitivity versus speed 
sensitivity is only part of the difference 
between the two cars. The new Prelude 
has a full wishbone front and rear sus- 
pension system, while the Mazda uses 
a MacPherson-strut-based front and an 
independent rear suspension. The wish- 
bone tends to control camber changes 
more accurately, and I expected the 
Honda to be more precise and slightly 
more stable in high-speed maneuver- 
ing. But the basic Mazda with two- 
wheel steering edged out the 2WS 
Honda with 68.2 mph through the high- 
speed gates against 67 mph—my first 
indication that some instability actu- 
ally makes for quicker turn-in on a sla- 
lom course. 

Attacking the handling grid with the 
four-wheel-steer cars, I quickly noticed 
that they were easier to control and 
went through faster than did the two- 
wheel-steer cars. But the Honda im- 
proved more than the Mazda. The Prel- 
ude tended to understeer in its basic 
form, with the front wheels doing more 
of the cornering work. The addition of 
four-wheel steering seemed to provide 
significantly more bite at the rear 


thetwo-wheel-steer Mazda 626's brakes 
lock (top), resulting in tire smoke. With 
ABS, the 626 dives deeper, indicating 
more braking power— with no smoke. 


wheels, adding 2% mph to the Prel- 
ude's two-wheel-steer speed. The Maz- 
da improved by only 1 mph, which left 
the two cars with four-wheel steering 
dead even in the high-speed lane- 
change test. All these variations are 
close, and I concluded that at speeds 
close to the adhesion limit of the tires, 
there is only a small difference in the 
times of the two- and four-wheel-steer 
cars. The added variable of suspension 
design and balance could easily offset 
any rear-wheel-steering advantage. 


Narrowing results 


The spread narrowed even more in 
the low-speed tests, although both ver- 
sions of the Prelude were quicker than 
the comparable versions of the 626 by 
some 2 mph. The design of the systems 
quickly explains why. 

Both cars have a “zero state" at about 
25 mph, when the rear wheels are es- 
sentially neutral, or the same as in a 
two-wheel-steer car. Because this is the 
speed range in which POPULAR SCIENCE 
testers drive through the slow-speed 
cones, little difference should have 
resulted. More significant was the 
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TEST RESULTS 
Acceleration (sec.) 
0—30 mph 
0-60 mph 
Brake test 60—0 mph 
Stopping distance (ft.) 
Pedal pressure, cold (Ibs.) 
(0.5-G stop) PM SEM 
Pedal pressure, hot (Ibs. ) 
(0.5-G stop) 
| Handling test (mph) 
Maneuverability test (mph) 
Interior noise (dBA) 
At idle 
At 60 mph 


EPA FUEL MILEAGE (mpg) 
Highway 
Di oua 


POPULAR SCIENCE TEST RESULTS 


| DIMENSIONS (inches) 
Wheelbase _.......................................... | 101.0 101.0 
Overall length _. 175.6 175.6 
Overall width ..... 57.3 67.3 
Overall height .. 49.2 49.2 
SPECIFICATIONS 
Engine type In-line 4 In-line 4 
Displacement (cu. ‘in. liters) . | 73.0/1.96 73.0/1.96 
Compression ratio sus | fra" n.a. 
| Induction saa TFI Fi 
Net horsepower © rpm ....................- 135 e 6,200 135 а 6,200 
Net torque (Ib. nem Leathers 127 ё 4,500 127 © 4,500 
Transmission .............. | 5-speed manual — |5-speed manual 
Final drive ratio | n.a. n.a. 
| Steering .. . | Power, rack Power, rack 
and pinion | and pinion 
Turn diameter (ft.) |... | 34.8 31.5 
Front suspension... | Double-wishbone | Double-wishbone 
Brakes .. панаа. | Dise/dise Disc /disc 
Curb weight Бе.) уусу 2,665 2,685 
F/R weight distribution (95) AS Ha n.a. n.a. 
Fuel tank (gal.) TENUES ETT 15.9 
| Trunk volume (cu. ft.) 11.0 11.0 
Base price ................, 2. $16,645 $17,945 
Price as tested jae oo» | $16,645 $17,945 
A Major options (over $100): A/C $795, sun root $555; ^A/C $795 
ме... 
Parts and service 
PART PRICES 
sab Part prices. (manufacturer's suggested retail) 
ге 
Y k 
у 
+¥ 
+ 
T 
M 
“ч 
„> 
=} 
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101.4 
179.3 
66.5 
55.5 


In-line 4 
133.2/2.18 
7.8:1 

Fi 

145 € 4,300 
190 @ 3,500 
4-speed auto. 
4.11 

Power, rack 
and pinion 
36.0 
Independent, 


MacPherson struts. 


coil springs 

Independent, 
struts, single 
trailing arms, 


| coil springs 


Disc /drum 
2,680 
n.a. 

15.9 
22.0 
$13,999! 
$16,504 


| 101.4 


179.3 
66.5 
55.5 


In-line 4 
133.2/2.18 


| 7,B:1 


FI 


| 145 8 4,300 


190 Æ 3,500 


15.9 
$17,149? 
$18,179 


* Мо! available 


At Armstrong, we've been 
building toughness into our 
tires for over 75 years. 

Like our Five Star premium 
radial. With a road gripping all- 
season tread, an aramid-over- 
steel Durafold™ belting system 
and our best 50,000 mile 
limited warranty.* 

See your local Armstrong 
dealer today for the tires built 
tough as a rhino. 


"For complete details contact your 
Armstrong dealer. 
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4-wheel steer vs. 2-wheel steer continued 


Mazda's slow-response power steering, 
which had a tendency to lock up in 
quick reversals. 

Are these minor variations in per- 
formance worth the cost and complex- 
ity of a four-wheel-steering system? By 
themselves, probably not. But in the 
real world I found considerably more 
benefits. 


On-the-road advantages 


Medium-speed cornering on a damp 
or wet surface felt as if an invisible 
hand were patting the rear axle back 
on track. The slip angle at the rear 
wheels actually was audible, with the 
rear tires making noise as they gripped. 
This element of handling security is 
supposed to be enhanced in snow and 
ice, although I only found heavy rain 
to test the mettle of the cars. The four- 
wheel-steer cars handled buffeting cross- 
winds like an M-1 tank. 

I favored the all-mechanical simplic- 
ity of the Honda system in principle, 
but the direct mechanical link some- 
times turned the rear wheels in the 
wrong direction at the right time. A 
sharp city corner could get the rear end 
going like a dog chasing a flea as the 
steering gear went into its counter 
phase. Mazda's speed-sensitive system 


prevented this unwanted transition. 

Straight-ahead steering sensitivity 
was better on the Mazda, which could 
be tweaked at the on-center position 
through its power-steering system and 
computer, but both four-wheel-steer 
cars put Amtrak to shame on the free- 
way for straight-line stability. 

In a shopping center, when the rear 
wheels did their thing, the four-wheel- 
steer cars whipped into spaces that 
would give a ferret pause. But the two- 
wheel-steer cars had a slight edge in 
parallel parking, sneaking into a park- 
ing space about four inches shorter 
than was possible with the all-wheel- 
steer cars. 

This unexpected result comes about 
because rear-steering cars must take 
a relatively long, shallow arc to clear 
a curb without running the rear wheels 
against it. Also, the car 18 rotating more 
about its center, which hurts when you 
cut the front end into the space. It's 
similar to the effect you get when you 
try to drive frontward into a parallel 
parking spot. 

The rest of the track test results 
could have been predicted from the cars’ 
specifications sheets. Brake perform- 
ance was indistiguishable between the 
two-wheel-steer models. But the four- 


FOREVER YOUNG-FOREVER YOURS 


“The Classic Gazelle” 


Return to the era of boot- mme 

leg booze, the speakeasy | __ Replica 1929 
and footloose flappers. | Mercedes Benz SSK 
With your own hands - 

move backward in time 

to when the motorcar 

was beauty in motion, Io 

This  easy-to-assemble | 

replica is from the com- 

pany that leads in | 

preduct engineering and 

innovations. The thrill is 

in the first time you | 

wheel the "old timer" | 

onto the road. and are | 

able to shout... “1 BUILT е 

IT MYSELF!" | 


Miami, Florida 33054, (505) 625-9700 
Hours: Mon. - Thur. 9 AM - 11 PM 

Fri. 9 AM - 9 PM, Sat. 9 AM - 5 PM 
Sun. 11 AM - I1 PM 


Enclosed is $1.00 for each full color brochure and 
consumer buying guide for Replica assembly: 
Gazelle Classic Speedster C 
Classic TD 
Please charge my: 
Acct. No, 


Classic Speedster 
0 MasterCard. [ viss О Am. Exp. 
Exp. Date 
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CALL TODAY - TOLL FREE 
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Look for our displays in over 50 major 
airports. 


©1987, Classic Motor Carriages 
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wheel-steer Mazda, which had anti-lock 
brakes, clipped off a 146-foot stopping 
distance, while the 4WS Prelude's best 
was 154 feet—still extremely good. 

The extra weight of the four-wheel- 
steering systems cut 0-to-60-mph times 
on the Mazda by almost a half-second, 
running through the traps at 8.7 sec- 
onds on its quickest run, compared with 
8.2 seconds in conventional trim. The 
turbocharged 2.2-liter three-valve-per- 
cylinder engine in the 626 outclassed 
the new three-valve two-liter power 
plant in the Prelude. The Prelude du- 
plicated a 9.9-second run with both 
versions. 


Techno-steer aside 


It was easy to become so fascinated 
by the new steering gear that the rest 
of the car was ignored. But the Prel- 
ude’s new engine, lowered front sus- 
pension, lowered hood line, and watch- 
like precision set new standards for 
sporty coupes. The four-door Mazda 
likewise is a crisp-handling sedan with 
improved handling and structural stiff- 
ness compared with the older model. 

I couldn't help thinking that the su- 
perior handling of the basic cars dimin- 
ished the impact of the new-fangled 
steering. Start with an overweight se- 
dan, a tippy van, or a twitchy rear- 
engine-equipped car, for example, and 
four-wheel steering could be more 
dramatic. 

My impression of the new steering 
systems is that I was looking at the 
first application of a system that could 
well become standard in the future. The 
price of four-wheel steer is higher than 
its actual cost, because both companies 
offering it package a series of options 
deemed compatible with the new tech- 
nology. Honda's system comes with 
alloy wheels and electric door locks, the 
group adding about $1,300 to a two- 
wheel-steer Si model (about half the 
cost is due to four-wheel steer). 

Mazda's system appears even pricier, 
because it is available only with anti- 
lock four-wheel disc brakes, electronic 
automatic transmission, and alloy 
wheels. Our four-wheel-steer Mazda 
626 thus was $2,234 more than our 
two-wheel-steer version, with the steer- 
ing system accounting for some $1,100. 

Although the systems work well to- 
day, the same money spent on superior 
tires and suspension components could 
well produce superior results in any 
good-handling car. But in the future, 
four-wheel steering will be enhanced by 
fine tuning through computer program- 
ming and new mechanical linkagesthat 
wil improve parking. Centralized 
electronics will bring down cost, and 
four-wheel steering is likely to become 
as commonplace as power steering and 
automatic transmissions are today. Eis! 


“бау, Smokey—" 


A clinic on cars by Smokey Yunick, America's most famous mechanic 


Coolant consumer 


І have a 1984 5-10 Blazer that con- 
sumes about a gallon of coolant every 
three months. It has been doing this 
since it was new; the vehicle now has 
more than 40,000 miles on it. The cool- 
ing system has been pressure checked 


several times by two garages. There's | 


no white exhaust smoke at start-up 

or after driving at highway speeds. 

If there were a pinhole in a gasket, 
wouldn't it get worse over time? 

Leonard J. Garigliano 

Salisbury, Md. 


As a rule, a leaking gasket will get 
worse with time. But still, the first 
thing I would do is run a cylinder- 
pressure test to make sure you don't 
have a leaking head gasket. Га be look- 
ing for a slight coolant leak that occurs 
at hot shutdown or when the engine is 
being driven hard. Check the radiator 
cap and filer neck for pressure tight- 
ness. There are leak-pinpointing dyes 
available that show up under a black 
light; a good radiator shop should have 
this equipment. Also, when you replen- 
ish the coolant system, make sure it's 
really full. It's easy for trapped air to 
raise the coolant level deceptively. 


Stalling Lincoln 


| I have a problem with my 1982 Lin- | 
coln Continental Mark VI. When I | 
take my foot off the accelerator when | 


braking or preparing to make a turn, 
the engine stalls. It happens whether 


| the engine is hot or cold and can hap- 


pen every five to seven miles of driv- 
ing. Then the car may run normally for 
1,500 to 2,000 miles. When it stalls, I 
find that it restarts quickly if I first 
turn the ignition key to the "off" po- 
sition, then to "start." If I turn the 
key directly to the start position, it 
takes the engine quite a bit of crank- 
ing before it will start. This makes 
me believe something electrical is in- 
volved. The dealer has changed the 
electronic engine control, throttle- 
control, and manifold absolute-pres- 
sure sensors, in addition to the ignition 
module. The problem persists. 

Gus Stahl, San Marcos, Calif. 


I agree: You probably have an electri- 
cal problem. An intermittent ground 
somewhere in the ignition system is a 
likely cause. The first thing to do is 


eliminate the possibility that this might 
be a fuel-system problem. T'he best way 
I can think of is to connect an ignition 
timing light under the hood the next 
time the car goes on a stalling spree. 
Have a helper crank the engine while 
you check whether the ignition system 
is delivering sparks on time. If it isn't, 
you know the trouble is in the ignition 
system. Then your problem is finding 
the culprit. 

I'd say your best bet is to find a sea- 
soned Lincoln mechanic who has wres- 
tled with these problems before; he'd 
have the best idea about where to start 
looking. If one dealer fails to find the 
problem, don't go back—iry another 
one. I know this isn't satisfying advice 
to listen to, but with the complex fuel 
and ignition systems used їп cars to- 
day, specialist mechanics are getting 
to be the only people with the experi- 
ence and diagnostic equipment to fig- 
ure out what's wrong. 


The ethanol question 


Can you comment on the use of etha- 


nol in gasoline? The manufacture of | 


ethanol is highly important to the 
agricultural economy of this region. 
Likewise, expanded use of this renew- 


able resource is critical to this coun- | 


try’s need for energy independence. 
Claims about problems with water af- 
finity and spark-plug fouling, as well 
as some manufacturers limiting their 
warranties, have caused Texaco and 
Tenneco to quit selling ethanol in this 
area. I have been using it in my 1978 
Ford 305 for about six months with 
no bad effects except slightly more 
rapid fouling of the spark plugs. 


W. D. Mitchell, Lafayette, La. | 


The ethanol topic is a political football 
favored by special-interest groups that 


derive tax advantages from producing | 


this type of alcohol. But as a motor 
fuel, it poses serious problems. This is 
because the modern automobile has so- 
phisticated electronic fuel and ignition- 
control systems that depend on using a 
fuel with a known best fuel-air-mixture 
ratio and Btu content. Using a fuel 
blended with alcohol changes these 
mixture and energy-content parame- 
ters in ways for which the electronic 
systems cant compensate. Ethanol's 
affinity for water can also cause cor- 
rosion problems inside fuel systems 


where there are small metal orifices. | 
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At Armstrong, we ve been 
building toughness into our 
tires for over 75 years. 

Like our Norseman All 
season. With a road gripping 
tread, a woven aramid 
Tredloc® belting system and 
our best 40,000 mile light truck 
limited warranty." 

see your local Armstrong 
dealer today for the tires built 
tough as a rhino. 


"For complete details contact your 
Armstrong dealer. 


ARMSTRONG, |% 
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“Say Smokey—' : Continued 


When the total cost is considered, I 
don't think it's practical to use ethanol 
or methanol alcohol-gasoline blends 
in today's cars. 


Wandering steering 


I cannot get my 1980 Ford van to steer 
straight. First, it pulled to the right, | 
with excessive outer-tread tire wear. 
I had all four wheels aligned, with no 


improvement. Then I got new radial 
tires, and it started pulling to the left. 


RAINDRIP is, simply, the best and most 44 “y=” 


efficient method of watering and 
fertilizing available to 
the home gardener. 
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RAINDRIP kits, parts and 
accessories are sold in 


|home and garden 
| centers everywhere. 


us tc 


| RAINDRIP = | 


Rotating the tires and realigning the 
wheels didnt help. Is this related to 
the twin I-beam front end? The only 
specs are for caster and camber set- 
tings. Shouldn't there be a steering- 
axis adjustment also? 


Tom Rawcliffe, Rockville, Md. 


There's not much available for adjust- 
ment on these front ends. If the wheels 
can't be adjusted within specifications, 
then parts have to be replaced or bent. 
There's no way around it. But first look 
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For free information and a dealer near you, write: 
RAINDRIP, Inc., 24305 Itasca 51., Chatsworth, CA 941311 
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for excessive bind in any of the steer- 
ing parts and for excessive play or wear 
in any front-end components, includ- 
ing the suspension-to-frame mounts. If 
the vehicle is loaded unevenly to one 
side, or if one spring is weak, the van 
may pull to one side. At best, these ve- 
hicles have tricky steering and don't 
get sensational tire mileage. I believe 
that over the long run, premium tires 
with a higher-than-normal load rat- 
ing will deliver the lowest tire cost. 
Heat is a tire's worst enemy, and heav- 
ier-rated tires will run cooler. 


Vapor lock cured 


Last year my 1984 Ford Escort started 
having vapor-lock problems that kept 
getting worse. When warmed up, the 
car would not start again if I stopped 
for a few minutes. Sometimes even an 
hour's rest was not enough to get it 
to restart. Replacing the fuel pump 
and fuel filter and trying every brand 
of gas on the market didn't help. After 
having it stall on the freeway twice 
in two days, I was ready to sell it for 
scrap. Then I talked to the service 
manager of a local dealer who bet the 
problem was the fuel-pump actuating 
rod. He predicted that it was worn, 
burred, and shortened. He was right. 
For $4.50 I installed a new one, and 
now my Escort has like-new accelera- 
tion and response and never stalls due 
to vapor lock. It was such an easy re- 
pair, yet it took me 16 months to find 
out what the problem was. 

Susan Ryan, Minneapolis, Minn. 


Maybe you've found the answer to 
someone else's headache. Sounds like 
that service manager knows his stuff. 


Foggy film 


I have a problem with a film that 
forms inside the windows of my 1985 
Ford Mustang. The dealer checked 
for an antifreeze leak, thinking that 
might be the culprit, but found noth- 
ing. Do you have any ideas? 
Lorraine Mohr, Preston, lowa 


I think the source of your problem is 
the plastic inside your car. When you 
leave the car parked in hot weather 
with the windows up, the plastic out- 
gasses, leaving a particulate film on 
your windows. You might have to use 


a razor blade to get it off. 
Got а car problem? Send it to "Say, Smokey—,'"" POPULAR 


Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 
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Become one of America's most sought- 
after technicians . . . put your talents 
and spare time to work for you in the 
“explosive-growth” world of home 
entertainment electronics. 


Train in state-of-the-art video/audio serv- 
icing and become a fully qualified service 
professional the uniquely successful NRI 
way. It's hands-on training, at home... 
designed around the latest electronic equip- 
ment you build and keep as part of your 
training. 

The High-Tech Revolution 

in the Home Is Just Starting 
Sweeping changes are taking place in our 
homes, changes brought about by the 
phenomenal growth of home entertainment 
electronics. Already available are high res- 
olution TV, TVs with stereo sound, simul- 
taneous multi-channel viewing, projection 
TV, Camcorders, 8 mm video cassettes, and 
compact disc players. 

And the revolution has spread to the busi- 
ness sector as tens of thousands of com- 
panies are purchasing expensive high-tech 
video equipment used for employee train- 
ing, data storage, even video conferencing. 


Join the Future or Be Left Behind 


Today the consumer electronics industry 
represents a whopping $26 billion oppor- 
tunity for the new breed of consumer 
electronics technician. 

Today's consumer electronics revolution 
is creating huge servicing and repair mar- 


comes 


E 


kets that are just starting to boom. 


Here is your chance to become a fully 


qualified professional the way tens of 
thousands have trained with NRI. 


Totally Integrated 
Hands-On Training 

Since NRI training is built around "learn 
by doing," right from the start you con- 
duct important experiments and tests with 
your professional digital multimeter. You 
assemble the remarkable NRI Discovery Lab 
and perform a complete range of demon- 
strations and experiments in the process. 


NRI's commitment to you goes beyond pro- 
viding you with equipment appropriate to 
the latest technology. Best of all, we ensure 
that in the learning process you acquire the 
very skills that will make you a professional 
service technician on the job. 


Only NRI gives you a 27” high-resolution 
stereo color TV you build to prepare you for 
E today's video servicing careers. 


You Build a 27" Stereo TV 
During the assembly process of your state- 
of-the-art Heath/Zenith 27" TV, you learn 
to identify and work with components and 
circuits as they actually appear in com- 
mercial circuitry. Then through tests, adjust- 
ments, and experiments you quickly master 
professional troubleshooting and bench 
techniques. 


Inside Your TV 
The Heath/Zenith 27" TV has all the fea- 
tures that allow you to set up foday your 
complete home video center of the future. 
Flat screen, square corners, and a black 
matrix to produce dark, rich colors... 
even a powerful remote control center that 
gives you total command of video and audio 
operating modes. 

NRI has purposely designed your train- 
ing around equipment that has the same 
high-tech circuitry youll encounter in com- 
mercial equipment. That means your train- 
ing is real-world training. 

Your NRI Training 

Has Another Special Element 
Also built into your NRI training is the 
enormous experience of our development 
specialists and instructors. Their long- 
proven training skills and personal guid- 
ance come to you on a one-to-one basis. 
Always available for consultation and help, 
these instructors ensure your success both 
during your training and after graduation. 


Step Into the Future Today 
The richest reward gained from your NRI 
Video/Audio training is a firm grip on the 
future. Now is the time to act. Send the 
post-paid card to us today. You will receive 
our 100-page catalog free. It's a fascinat- 
ing explanation of our training methods 
and materials. (If someone has used the 
card, write to us at the address below:) 


IMP school of Electronics 

McGraw-Hill Continuing 
Education Center 

3939 Wisconsin Avenue, NW et 

Washington, DC 20016 НЩ 
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In official tests by the United States Auto Club, Chevy beat Ford. Standard 
half-ton to standard half-ton, both with half-ton payloads, both with the 
best automatic transmissions* available, the full-size Chevy pickup beat Ford. 

In O to 60 acceleration. In 40 to 55 MPH passing. In level and uphill 
trailer-towing acceleration. In wet-surface handling through a pylon course. 
The results are as clear as black and white: In performance where you want 
it most, Chevy with Vortec V6 beats Ford. And USAC tests prove it. 


Mayle ih a Chew you should be driving 


/ ¥, Lesge Best-backed Chevys ever. 6-year/60,000-mile 
e M e F; together. powertrain warranty protection and 6 years or 
oM Cone 24е up. 100,000 miles of body rust-through protection. 
See your Chevy dealer for terms and Olid proof of the quality built into every new 
conditions of the limited warranty full-size Chevy pickup. 
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New Products '88 
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Lawn 


The first U.S.-made overhead-valve lawn 


mower engine kicks off this year's roundup of 


innovative products from around the globe 
that make your yardwork easier. 


By TIMOTHY O. BAKKE 


Tecumseh's OVRM40 overhead- 
valve engine (right) powers Sears' 
'88 line of lawn mowers (above). 
The cutaway shows the company's 
innovative rocker-arm assembly, 
cast-aluminum-alloy head and 
sheet-aluminum head gasket, and 
cast-iron cylinder sleeve. 


Made in the U.S.A.: America's first OHV mower engine 


What's the hottest feature on top-of-the-line rotary lawn 
mowers? Overhead-valve engines—they're generally more 
durable, fuel-efficient, and powerful than comparable L-head 
engines; and they're easier to service. For two years the 
Japanese have been producing small OHV engines ["New 
Products for Your Lawn and Garden," March '86]. Now the 
United States has joined the fray with the first American- 
made OHV engine for rotary mowers—a 4-hp engine from 
Tecumseh Products Co. (New Holstein, Wis.)—and more said 
to come from Briggs & Stratton later in 1988. The Tecum- 
seh engine will first appear in this spring's Craftsman mow- 
ers from Sears, Roebuck and Co. 

Tecumseh is no stranger to ОНУ technology—it’s been 
producing tractor-sized OHV engines since 1967—but this 
is the company’s first excursion into under-5-hp power 
plants. “Until now we've chosen to concentrate on perfect- 
ing the technology in our larger products. Now we feel 
confident enough to apply OHV to smaller engines," Her- 
bert Buhl, Tecumseh's manager of sales engineering, told 
me. “Our expertise has enabled us to produce a high-quality 
engine with features you won't find in any other rotary- 
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mower engine." For example, the aluminum-alloy cylinder 
head is cast using the lost-foam process [“Lost Foam,” April 
'86], the first application of this technology in such small 
engines. Апа instead of a choke, Tecumseh uses a primer 
on its nonadjustable carburetor. “Опе prime, one pull—and 
the engine starts," Buhl said. “We bench tested one engine 
for a thousand hours, and it started with one pull every 
time." Some of that easy starting is also due to the compa- 
ny's patented mechanical compression release (which mo- 
mentarily reduces compression so the engine can turn over 
easily with less effort), its larger-diameter Soft Pull recoil 
starter, and a solid-state ignition. 

Other features of the 9.05-cu.-in. engine include a propri- 
etary Teflon-coated sheet-aluminum head gasket and newly 
designed rocker arms with Allen-head pivot studs and lock- 
nuts for easy valve adjustment. The slightly oversized head 
gasket extends into the airflow around the head to dissi- 
pate heat; and a proprietary splash lubrication system for 
the valves, Loop Lube, keeps valve assemblies well bathed 
in oil. These features are said to keep the head cooler, pre- 
venting warping and gasket leakage. 


The History Of The World 
Comes Alive When You See 
The Big Picture. 


When you look at 6,000 years of history in 
chronological order—on a chart almost three 
feet high and eight feet long— important dates 
and events just seem to fall into place! 

Never has there been a clearer, more 
concise overview of our history, archaeology, 
theology and mythology than with The World 


History Chart from International Timeline, Inc. 


Test your talent for historical trivia. What 
do the Great Wall of China and the Chin 
Dynasty have in common with the Roman 
Empire? When the Normans migrated to 


Northern France, where did they come from? 

The world takes on new dimensions as 
you witness the development of 15 major 
civilizations from 4,000 B.C. to the present. To 
fully understand the scope of information on 
the Chart—picture U.S. history as just two 
inches over the space of eight feet of time! 

This invaluable teaching and reference tool 
has taken years to compile. Its easy-to-read 
format appeals to everyone from the casual 
admirer to the scholar. 

The World History Chart has been on 
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display in the Library of Congress. Now, you 

can have your own for just $29.95 (U.S. 
currency) plus $5.00 for shipping and handling 

($34.95 each). Add $15.00 for each laminated 

chart ($49.95). Simply call toll-free 1-800- 
621-5559 (1-800-972-5855, in Illinois), and 

charge it to your MasterCard, VISA or Choice. 
Or, complete the coupon below and mail 

with check or money order payable to: 

International Timeline, Inc., 2565 Chain 

Bridge Road, Vienna, VA 22180. (Virginia residents 

add 4% sales tax. Outside U.S. add $10.00 instead of $5.00 for 

shipping and handling. Allow 4-6 weeks for delivery.) 


Please send me the World History Chart for $29.95 (U.S. currency) 


Add $15.00 for each laminated chart ($49.95). Outside U.S. include 


plus $5.00 for shipping and handling for each chart ordered ($34.95). an additional $5.00 for shipping and handling. 


Send to: 

[plaiaê print) 
Су State: 
Enclosed is. check — money order for $ 


Address: 


CEU ——— —— н Of Charts Desired: ~~ 


Checks payable to: International Timeline, Inc. i 


[ Virginia residents add 496 sales tax. Please allow 4-6 weeks for delivery. PS-7 


| | 
| 6,000 Years Of History At A Glance For Only 529.95! | 
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2565 Chain Bridge Road, Vienna, VA 221 80 | 


« Variable sprinkler 


The Pattern Master oscillat- 
ing sprinkler ($30) is able to 
water any size rectangular 
or square area up to 62 by 
65 ft. at 60-psi water pres- 
sure just by adjusting the 
flexible spray tube. Gilmour 
Group, 332 W. Broadway, 
Louisville, Ky. 40202. 


Just 3 of the 36 Reasons 
Hitachi Woodworking Tools 
Are the Choice of Master Craftsmen 


Your work is good and getting better. You know the value | 
of a superior, go-the-distance tool; the tool that gives 
you exactly what you want, time after time. You're 


р, | ul ready for Hitachi. 


Consider just 3 of Hitachi's superb line of 36 
woodworking tools: 

Hitachi 15" Heavy-Duty Power Miter: 
Cuts wood, plastic and aluminum. All ball 
bearing construction with the largest cutting 
_ capacity of any power miter. Consistent 

power, a workhorse that will stay with you | 
for years of steady service. 


Hitachi Heavy-Duty 3” Belt Sander: 

No sander will take you farther. Two 4 

speeds to select for the job and  24— 

| clean sanding with efficient dust collector 4 
Pick it up. The grip and weight and design all say E 
"The best 3" belt built." Ext Жо 


Hitachi 3HP Super-Duty Plunge =i 
Router: Fast clean cuts by an un- М 
| matched horsepower motor. Quick 
changes in cutting depth. nen, mun 
you pick it up an |[ 
use it, you know. Here's SB75 
the tough, exacting tool to match your standards. 


Invest in one Hitachi tool and you're going 
to want more of the supreme woodworking 
power tool line. Some may say it's more tool 
than necessary, buttry one and you'll quickly | 
disagree. You'll see why master craftsmen 
the world over are turning to Hitachi and stay- 
ing there. Hitachi works. Hitachi stays. 


Send to address below for complete catalog 
listing of all Hitachi Power Tools. Be sure to 
include complete return address. 


HITACHI 
The Boss 


East: 4487-Е Park Drive, Norcross, GA 30093 Tel: 404-925-1774-5 West: 7490 Lampson Avenue, Garcen Grove, CA 92641 Tel: 714-891-5330 


“aor 


44 | POPULAR SCIENCE 


Trimmer with teeth A 


Townsend's Sabre Tooth Blade is а 
metal disc for cutting brush and small 
saplings with a string trimmer. The 
blade, in 7- and 9-in. versions ($25 and 
$30), is fitted with Townsend’s TriRaker 
cutters to reduce kickback. Townsend 
Saw Chain Co., Box 6396, Columbia, 
S.C. 29260. 


Versatile — -— A 


Available in 12.5- or 16-hp versions 
(shown), Simplicity's 6500 tractor is 
compact yet powerful enough for most 
jobs, from mowing to tilling to bulldoz- 
ing. In addition to its Briggs & Strat- 
ton twin-cylinder industrial/commer- 
cial-duty engine, the tractor has a 
clutchless hydrostatic transaxle, rear- 
power takeoff, and a 24-in. turning ra- 
dius. Simplicity Mfg., Port Washington, 
Wis. 53074; $3,280 to $3,870. 


^  Self-venting cold frame > 


4 Cold frames are ideal for early spring planting, but 
they can overheat when the sun beats down. This 
> $100 cold frame not only protects your plants down 


to 20°F (with double walls), but has a heat-sensitive 
vent opener to automatically lift its top venting flap 
6 in. when the inside temperature hits 70°. Garden- 
er’s Supply Co., 128 Intervale Rd., Burlington, Vt. 
05401. 
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Mid-size grinde 


The 3'5-hp Chippewa falls between 
small electric shredders and large 5- 
to 8-hp chippers in performance as 
well as cost: $600. Eight hammer shred- 
ders and a chipping blade can munch 
a branches up to 1'5 in. in diameter. W. 

W. Grinder, Box 4029, Wichita, Kan. 
„4 67204. 
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wo-cycle mower A 


Tractor manufacturer Bolens Corp. has 
entered the two-cycle lawn mower mar- 
ket with the Eliminator self-propelled 
lawn mower. It is powered by a 4-hp 
Briggs & Stratton two-cycle engine 
built in Japan under a joint venture. 
The engine uses a 50:1 gas-oil mixture 
to reduce smoking and a cast-iron cyl- 
inder bore for long life. Bolens Corp., 
215 8. Park St., Port Washington, Wis. 
53074; $570. 


These days every maker says their radar 
detector is best. Who's telling the truth? 
Freedom of the press 

If you read movie ads, you know how 
each one finds a short phrase from a 
review that makes it sound like "the year's 
best" Well, some detector makers play 
the same game. 

But we won't play games. Below are 
the overall results of the three most recent 
independent tests of radar detectors. 


LATEST PERFORMANCE RANKINGS 


Car and Popular 
Driver Roundel Mechanics 
April 1987 June 1987 July 1987 
Passport Passport Escort 
Passport 
not tested) BEL Quantum po 
Cobra Whistler BEL 
ш : à 
Radio Shack Uniden 
Radio Shack i 
Uniden Whistler 
BEL Fox C 
| Cobra obra 
Whistler BEL Vector | GUL 
Sparkomatic Snooper Radio Shack 
Fo Fuzzbuster | 
* Sparkomatic zl Sparkomatic 
GUL Sunkyong Maxon 


Although each staff of experts used 
different methods to evaluate the detec- 
tors, their conclusions were unanimous; 
Escort and Passport are winners. 


Radar detectors: 
Which are really best? 


Here's the proof 

Call us toll-free (1-800-543-1608) 
and we'll send you the complete, unedited 
tests. Read exactly what the experts say. 

How to order 

We sell direct to you. Orders in by 
3:00 pm eastern time go out the same 
day, and we pay for UPS shipping. Overnight 
Federal Express delivery is only $10 extra. 

Ifyou'renotcompletely satisfied within 
ЗО days, return your purchase. We'll refund 
all your money, including return postage. 

For top-rated radar protection, just 
call us toll-free. 


TOLL FREE 1-800-543-1608 


(Call Mon-Fri 8am-1ipm, Sat-Sun 9:30-6 EST) 


ESCORT 


RADAR WARNING RECEIVER 


ESCORT $245 (OH res. add $13.48 tax) 


PASSPORT 


i А D A E à 


RECEIVER 


PASSPORT $295 (OH res. add $1623 tax) 


Cincinnati Microwave 
Department 61638 

One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


For information, call toll free 1-800-543-1608 
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Ar Staple Gun Attachment 


WITH THE NEW 
And Fastening System 


YOUR CARS "ACCESSORIES WILL ` 
BE AS ATTACHED TO YOUR 
CAR AS YOU ARE! “r 


1 


а | 
Alarm Systems 
Hood Scoop 


With one squeeze 
of the Staple Gun 
you can fasten 4 
almost anything 
- from alarm 

systems to zinc 
body panels. 


It's the ideal fastening 


Side Skirts Fender Flares 


| No more tightening 
«| nuts and bolts in 
= hard to reach areas. 


| il @ LN : '| No more 

tool for attaching all Дед. e double gripping 
types of auto Wissel LAV | with a rivet gun. 
accessories. Attaching Mud Flaps Anti- Theft Installation Mounting Switch Panels 

The unique T-50XP Xpando Slip-On Xpando Fasteners effectively replace rivets, screws, 
Attachment instantly converts the A EZ nuts. and bolts to insure long lasting, secure installa- 
Arrow T-50, T-50M and T-55 J Ss a tion for almost any automotive fastening project! 
Staple Guns into multi-purpose fi | Simply drill pilot hole, insert fastener 
fastening tools designed to P d pP Eres ES d 
shoot tight-gripping position Xpando attachment over 


Fastener and squeeze — presto 


Xpando Fasteners! ... its in and securely fastened. 


Xpando Fasteners/Anchors are 
available in 
6 different sizes 
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Xpando Anchors 


E 3:36 


XP3/4 XP3/4HD XP7/8HD 


Discover the xpando-hility and ease of adding accessories to your car with the 
New Arrow Xpando Fastening System! E 
Send today for complete information on the XPANDO and other Arrow Fastening Tools. 


Arrow Fastener Company Inc. 271 Mayhill Street, Saddle Brook, N.J. 07662 


© Copyright 1987 Arrow Fastener Company, Inc. 
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Ariens Co. has outfitted its 12-hp 
compact tractors with hydrostatic 
transmissions—just push the gear- алс “pa 
control lever forward or pull it back ; 
to accelerate or decelerate. 

Engine speed is controlled 
separately. The YT Hydro . 
shown has a 12-hp 

Kawasaki engine: NE - 
Disc brakes and | 
the 38-in. Flex-N- 
Float mower deck 
are standard. Ari- 
ens Co., 655 W. 
Ryan St., Brillion, 
Wis. 54110; $2,849. 
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E Rake on wheels A 


"M This British-made 20-in.-wide rolling 
rake is designed to collect grass or 
m hedge clippings, leaves, and other de- 
bris in your yard without lifting the 
n rake off the ground. The $30 Rolrake's 
clever wheel design enables the hinged 
^4. tines to be pushed over the debris. 
When the rake is pulled back, a stop 
b^ on the sides holds the tines in their rak- 
ing position. Lambert Corp., Box 278, 
„> Ansonia, Ohio 45303. 
d Chain saw and trimmer accessories > 
"- Whether you're pruning tree limbs or trimming 
grass and weeds, Omark Industries' Oregon Saw 
> Chain Div. has a tool that will make life easier. If 
you've ever tried pruning small limbs with a chain 
dd saw, you know what problems can arise: chatter- 
ing set up by vibration and possible kickback. The 
d lightweight aluminum Branch Manager (upper 
photo, right; $15) attaches to any chain saw with 
aa | two bolts and directs small branches to any of its 
three tangs for chatter- and kickback-free pruning, 
^» leaving the rest of the bar open for normal cutting. 
The Grass Chain goes standard round string- 
o» trimmer line one better by providing five cutting 
edges to cut weeds rather than just whack at them. 
aj Seen in cross section, the line looks like a five-point 
star, each point being a cutting edge. Price: $3.30 
ba to $4, depending on gauge. Oregon Saw Chain, Box 


22127, Portland, Ore. 97222. 
4 
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NEW FREE BOOK 
DISCUSSES 


HOWTO 
SELL YOUR 
INVENTION 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It's free for the asking and here are 
just some of the subjects 1t covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

* Approximate Royalty Rates Man- 
ufacturers are Currently Payin 

* [f Your Invention is Sold Outright 
for Cas 

* Or, Part Cash, Part Royalty 

* Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
questions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
саш will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 
Kessler Sales Corp.,Dept. D-73 Fre- 
mont, Ohio 43420. 


r MAIL THIS COUPON | 1 


{ Mr. К. О. Kessler, President 
ü Kessler Sales Corporation 
Dept. D-73 Fremont, Ohio 43420 


M Please mail me the FREE booklet explaining Й 
§ how to go about selling my invention. This J 
does not obligate me in any way. I am enclos- 

i ing $1 for postage and handling. во rush the ii 
J booklet by return mail. ü 
p Name ! 
- [| 
{ Street Address it 
б li 


City — State Zip 
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High-performance electrics A 
Black & Decker's upscale Lawnforce 
series of electric power equipment 
boasts advanced features and sleek 
styling. The lawn mower uses an elec- 
tronic power control to automatically 
increase or decrease cutting power as 
needed; the string trimmer replenishes 
line at the push of a button; and the 
hedge trimmer has anti-vibration 
ground-tooth blades. Mower: $249; 
weed trimmer: $60; hedge trimmer: $99. 


Lightweight sprayer > 


The 7'2-Ib. Matabi K-16 sprayer stresses 
safety in its design. All openings on the 
4.2-gal. injection-molded plastic tank 
are at its top, which has a deep rim 
and is funnel-shaped so spilled chemi- 
cals drain into the filler port. Deppe 
Ag-Tec Ltd., Box 464, Burlington, Ont. 
L7R 3Y3; $80. 


< Suburban rider 


The Toro 8-25 rear-engine 
riding mower is a rede- 
signed version of the com- 
pany's 7-25 mower, intro- 
duced more than 20 years 
ago. Intended for those with 
up to an acre of land, the 
$1,270 rider has increased 
power with an 8-hp Tecum- 
seh engine and a deeper 
deck and more upturned 
blade for better vacuuming 
and bagging. The Toro Co., 
8111 Lyndale Ave. S., Min- 
neapolis, Minn. 55420. 


Knockdown cart A 


+ 
The Fold-a-Caddy's polypropylene bas- 
E ket is 23% by 15?4 by 12'^5 in., and can 
fold flat as a platform to carry items 
№ up to 100 Ibs. The entire $50 cart folds 
i flat for storage. Sports Caddy Co., Box 
= 1399, Southbridge, Mass. 01550. 
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" Mid-size rear-tine tiller A 


The 4-hp IR4000 tiller from Snapper 
Power Equipment cuts a 14'^5-in.- 
wide path using 11'2-in.-dia. rear- 
mounted tines. The adjustable depth 
p: bar provides you with seven cutting 
depths, and the front weights can 
» be adjusted to match the difficulty 
of the job—from light cultivating 
to deep digging. Price: $650. Snap- 
per Power Equipment, Box 777, 
McDonough, Ga. 30253. 


o8. 


Another one of the unexpected delights you'll find on a 
South Carolina vacation. From the world's biggest peach 
(its really a water tower) to beaches that'll take your breath 

| away. From historic battlefields to outlet shopping malls. i 
Peach cobbler to cobblestone streets. Send for our free ! 

72-page, full-color Vacation Guide—and don't miss page 68! \ 


CALL TOLL FREE 1-800-346-3634 
or mail to: South Carolina, Room 128, Box 78, Columbia, SC 29202 
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Smiling faces. Beautiful places. 
Homeowners! 


7 Ways Better Than 
Ordinary Lawn Mowe ST ; 


The TROY-BILT TUFF-CUT® is the perfect alternative = — : 


to ordinary walk-behind mowers & expensive “riders”! 
e Easy to Handie — Big, casy-rolling 
powered wheels handle slopes, obstacles, and 
rough ground with ease. 
e Extra Power — No more annoy- 
ing hesitation or stalling in heavy grass. 
e Faster — The wider mowing path 
and easy maneuvering help get yon. 
lawn done in record time. 
e Find out all seven 
ways the TUFF-CUT is 
superior to ordinary 
mowers — send for 
FREE DETAILS Today! 
X | E Never again struggle 
| with poorly made, 
} undependable mowers 
А \ that таке mowing 
SK 2A . a dreaded chore! 


TROY-BILT. 
· Roto Tillers - 


1:9» Garden Way Mfg. Co. Dept. А767 3 11 
 102па St. & 9th Ave. , Troy, NY 12180 


i 
il 
YES! Please send all the exciting facts about 1 
Garden Way's TUFF-CUT® High Wheel Mower, ll 

` including prices, details on your 5 models and f 
Special Limited-Time SAVINGS OFFER now in |} 
effect! i 
и 

i 

a 

ü 

i 
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21988 Garden Way, Inc. 
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ED information package 
Call 1-800-826-9990 EXT. 767 
or mail this coupon today! 
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Car fo driver: 
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Tire pressure affects safety and economy, yet it's too seldom 
checked. Now the chore is being automated. Four companies 
have designed equipment that displays tire-pressure status 
at the dashboard. One of these firms has gone a step further 
with a system that monitors pressure—and fills underinflated 
tires from wheel-mounted СО» reservoirs. 


By STUART F. BROWN 


Illustrations by Mario Ferro 


attended a symposium for electron- 
Ш ic engineers where he listened to a 
speech by Robert Sinclair, vice presi- 
dent of engineering at Chrysler Corp. 
Sinclair presented what he called his 
"Christmas wish list to Silicon Valley 
engineers." One of the items he en- 
couraged the engineers to come up 
with was a reliable method of meas- 
uring tire inflation without having to 
manually check each tire with a pres- 
sure gauge. 
This, car and tire makers know, is 
a task the majority of motorists ne- 
glect to perform often enough. The re- 
sult is faster tire wear, increased fuel 
consumption, and higher risk of blow- 
outs, along with decreased grip dur- 
ing cornering and braking. 
To combat tire-inflation neglect, four 
firms, Gandhi's techni Guidance, Inc. 


] n December 1985 Shrikant Gandhi 
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(Santa Clara, Calif.), and Imperial 
Clevite Industries in the United States, 
and Robert Bosch and Michelin in 
Europe, are waging electronic war with 
instrument-panel displays that alert 
the driver to inflation-pressure prob- 
lems before they damage tires or cause 
handling deficiencies. The more so- 
phisticated techni Guidance system 
even allows the driver to vary tire 
inflation pressure up and down from 
the comfort of the driver's seat. 

"I had some ideas about how to 
gauge pressure inside the tires, so 1 
went to work on it," Gandhi recalls. 
"As I got involved in the project, I be- 
came interested in not just identifying 
a tire-inflation problem, but in doing 
something about it.” The outcome is 
an automated tire-pressure mainte- 
nance system called entireControl. 

The component that makes this sys- 
tem unique nestles inside each wheel 
rim of an entireControl-equipped car, 
sort of a trim ring clipped onto the 


DISPLAY EE 


"PROGRAMMABLE 
ACTUATOR 
TRANSDUCER 


^ C02 RESERVOIR 


The entireControl system's LCD dis- 
play indicates leaks and allows tire 
pressure to be optimized from the driv- 
er's seat for city or highway driving 
conditions. Detector modules mounted 
on the disc-brake cover plates near 
each wheel sense tire-pressure changes 
through magnetic induction. This 
information is gathered by a program- 
mable actuator-transducer, or PAT, 
module inside the wheel, which con- 
tains a neodymium magnet mounted on 
a beryllium-copper diaphragm that de- 
flects in response to pressure changes. 
A solid-state magneto-resistive element 
inside the detector module senses the 
magnet's location each time the wheel 
revolves, relaying this data to the sys- 
tem's central microprocessor located in 
the car's passenger compartment. If the 
microprocessor determines the tire is 
underinflated, it signals the PAT mod- 
ule to add pulses of air from a hoop- 
shaped refillable CO; cartridge 
mounted inside the wheel rim. If a tire 
is overinflated, the system will bleed it 
down to the correct pressure. Pressure 
sensitivity of the PAT modules is Vio psi, 
but pressures in the tires are corrected 
and expressed on the display in Ye psi 
increments. The PAT module also in- 
corporates a temperature-sensing ele- 
ment that correctly gauges pressure in 
either hot or cold tires. Pressing the 
“display” command calls up pressure 
information; REFILL lightindicates need 
for CO, recharge. 


b’ 


wrong side of the wheel. It's a hoop- 
shaped reservoir (see drawing) that 
automatically meters high-pressure 
carbon dioxide to the tire when it is 
required. 

Under normal driving conditions, 
the entireControl system is almost 
invisible to the driver; its LCD instru- 
ment-panel display reads out the time 
of day as did the factory-installed dig- 
ital clock it replaces. Techni Guidance 
chose an unobtrusive display to avoid 
contributing to the "Tokyo by night" 
graphic dazzlement characteristic of 
many of today's instrument panels, 


` Gandhi observes. 


By pushing controls labeled “lo” and 
“hi,” the driver can select tire-pressure 
settings that improve ride comfort for 
urban driving or deliver better fuel 
mileage on the highway. In these 
modes, the central computer directs 
the actuators at the wheels to add or 
bleed off air to reach the low and high 
ends of the pressure range recom- 
mended by the tire and vehicle manu- 
facturers—28 to 34 psi are typical lim- 
its. Ав a safeguard, the system will 
not accept a command from the driver 
to go beyond these limits. 

When tire trouble strikes, the sys- 
tem issues three escalating levels of 
alert. “If you pick up a nail in one of 
the tires and the system senses that 
it won't be able to keep up with the 
loss of pressure for a long period of 
time, that tire will light up on the vis- 
ual display and its pressure will be 
continuously displayed. This tells you 
to start thinking about fixing the tire 
or putting on the spare," the inventor 
explains. "If the tire pressure gets 
down to twenty psi, a CHECK TIRE warn- 
ing comes on. If the pressure decreases 
to fifteen psi, CHECK TIRE starts to flash 
and an audible beeper warns you to 
get the car off the road." 

Gandhi hastens to point out the 
limit of his system's capabilities: “It 
will not protect you during an instan- 
taneous blowout, where all tire pres- 
sure is lost in a few moments. That is 
too catastrophic an event for us to be 
able to overcome. But we are saying 
that entireControl can alert you to 
many events—such as a nail embed- 
ded in a tire—that can escalate into 
blowouts if they go unrecognized. And 
it will correct a low-pressure condition 
that can cause a tire to drastically 
overheat and experience a blowout." 


Retrofit installations 
Techni Guidance is trying to inter- 


est auto makers and tire manufactur- | 


ers in adopting its system. If the 
company succeeds, it could appear on 
production vehicles in the 1990 model 
year. But the entireControl system 

Continued 


If you'd like to know more about how we age our whiskey, drop us a line. 


AT JACK DANIELS DISTILLERY, moving a 
whiskey barrel uphill takes sure hands and 


strong arms. 


Richard McGee has both. And is as good at 
"reading" a barrel as he is at changing its 
location. That writing on the barreltop informs 
him how long this particular whiskey — 
has been resting in the barrelhouse. E 
And whether it's sufficiently aged to A 
go out in the world. They say most Ё Ш: 
things in Ше dont improve with age. _ 
But after a sip of Jack Daniel's, сеа 
you'll discover a rare exception 
to the rule. 


SMOOTH SIPPIN" 
TBININESSEE WHISKEY 


Tennessee Whiskey*80-90 ProofeDistilled and Bottled by Jack Daniel Distillery 
Lem Motlow, Proprietor, Route 1, Lynchburg (Pop. 361), Tennessee 37352 
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“Tire needs air!” Continued Р 
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The tire-pressure warning system de- 
veloped in West Germany by Bosch 
uses a pressure-operated switch inside 
the wheel, whose contacts remain 
closed when tire pressure is normal. 
The switch signals its closed position 
by magnetic induction to a stationary 
sender located on the disc-brake cali- 
per. If tire pressure drops below a 
specified value, the switch opens, in- 
terrupting the sender's high-frequency 
signal. When this occurs, the system's 
control unit illuminates an instrument- 
panel warning light identifying the soft 
tire, and warning the driver to add air. 
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MICROSENSORS 


FIXED 
ANTENNA 


CIRCULAR 
ANTENNA 


Michelin's tire-monitoring system uses 
two silicon microtransducers in each 
wheel, which sense pressure and tem- 
perature. Together with a microproces- 
sor, they are attached to a circular 
antenna wrapped around the wheel 
rim. А second fixed antenna located on 
the brake hardware supplies the wheel 
transducers with energy in the form of 
electromagnetic (radio) waves and re- 
ceives coded pressure and temperature 
information for delivery to the central 
microprocessor and instrument-panel 
display. Michelin's system also moni- 
tors the trunk-mounted spare. 


wil already have made its first 
appearance in California, where a net- 
work of franchised dealers will per- 
form aftermarket installations this 
winter in a selected group of vehicles: 
the Ford Thunderbird Turbo, Oldsmo- 
bile 98, Buick Electra, Cadillac 
Sedan de Ville, Honda Accord, and 


Jeep Cherokee. 


These six vehicles were chosen be- 
cause they are considered likely to 
have owners who care about ride ad- 
justability and inflation convenience. 
The cars also have wide wheels that 
accept fat, low-aspect-ratio tires that 
can look normal even when they are 
substantially underinflated. And these 
tires cost as much as $1,000 a set—a 
strong incentive to pay close attention 
to tire pressure. 

The system will cost about $400 
installed. Although the 1'5-pound 
programmable-actuator-transducer- 
module-and-CO,-reservoir assemblies 
are essentially balanced in terms of 
their weight distribution, all four 
wheels will be dynamically balanced 
following system installation, Gandhi 


| Says. 


He estimates the CO, charges in 
the wheel reservoirs will last from six 
months to a few years, depending on 
the condition of the tires, what befalls 
them on the road, and how often the 
driver makes ride-quality adjustments. 
When full, each reservoir contains 
enough CO; to fill an empty tire to 
30 psi at least twice; franchised deal- 
ers will recharge the four СО, reser- 
voirs for about $20. 

What next? “I’m trying to convince 
some wheel manufacturers to produce 
wheels that have built-in СО, cham- 
bers," Gandhi replies. 

Far simpler, but already available 
in the aftermarket for $300, is the 
Tire-Tele system made by Imperial 
Clevite Industries in Norwalk, Ohio. 
The company reports that its system 
[^Low-air Alert For Auto Tires," March 
'84] was originally slated for installa- 
tion in the 1987 Chevrolet Corvette. 
Unfortunately, reliability problems 
cropped up at the car's 150-mph top 
speed. А version has now been devel- 
oped that the company claims tolerates 
speeds of almost 200 mph. And it is 
now being retested for durability by 
General Motors Corp. 

Tire-Tele indicates via a single warn- 
ing light that pressure in one of the 
tires is too low. The driver must then 
check each tire to locate the low- 
pressure culprit. “The reasoning be- 
hind this type of triggering system is 
that if one tire is soft enough to ener- 
gize the warning light, the other three 


may not be much better off," explains 
William Theisen, product-line manager 
at Clevite. 


Porsche pressure alert 


The specially cast wheels and extra- 
wide tires on Porsche's limited-produc- 
tion model 959 are so expensive that 
even the well-heeled owners of these 
$180,000-- Teutonic hot rods are un- 
likely to risk destroying them need- 


lessly through underinflation. More | 


importantly, the car’s 200-mph top 
speed places a premium on tire safety. 

Known for its devotion to unclut- 
tered dashboards, Porsche clearly feels 
the 959’s tire status is worthy of the 
driver's attention. The auto maker has 
designed into the sports car’s instru- 
ment panel a display depicting its four 
wheels. If a tire loses pressure, its 
display symbol lights up (see drawing 
for how the system works). This system 
—the first of its kind on a production 
car—is built by the German electron- 
ics firm Robert Bosch GmbH. Bosch 
is talking to other auto makers about 
including the system in their vehicles. 

According to Max Lanz, marketing 
manager at Bosch’s Automotive Group 
in Broadview, Ill., a system prototype 
has already proven its value during 
the 24-hour endurance race at Le Mans, 
France, where a driver noticed a low- 
pressure indication on his car’s instru- 
ment-panel display. Although he wasn't 
experiencing any problems with hand- 
ling, he pulled into the pits for a tire 
swap. Despite time lost during the 
stop, the car went on to win the race. 
Afterward, the tire that was removed 
was found to be flat. Almost surely, a 
flat out on the long Le Mans course 
would have stolen the victory. 

In France, Michelin has developed 
a tire-pressure monitoring system (see 
drawing) that uses radio waves to link 
pressure and temperature sensors in 
the wheels with pickup units mounted 
at the disc-brake splash shield. An 
instrument-panel display shows tire 
pressure in psi and will also remind 
the driver when the spare is in use 
—important with undersized space- 
savers, which are only designed to get 
the vehicle to the nearest service 
station. 

Michelin is reported to be working 
with SenSym Inc., a Sunnyvale, Calif., 
electronics firm that has developed a 
piezo-resistive silicon pressure sensor 
already used in a hand-held tire-pres- 


sure gauge [^What's New for Your | 


Car," Nov. '87]. These compact sensors 
are inexpensive, accurate to one psi, 
and applicable to in-tire pressure- 
sensing systems, SenSym says. Ws 
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e RAINGO reigns supreme 
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installation 
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Toll Free: in Michigan 1/800/572-5398 
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Builder? Do-it-yourselfer? This Tri-Steel training and support. 
is your opportunity to start a profit- For a FREE BROCHURE and 
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become a distributor for Tri-Steel— ап independent distributor of steel 


America’s largest manufacturer of frame homes, please call Tri-Steel 
strong, energy efficient (R-30), low today, toll free at: 
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What's News 


Video-phone call 


At first it sounded to me like a rerun 
of an old story. The return of video 
phones. My immediate memory was 
of the introduction of video phones at 
the New York World's Fair in 1964— 
almost a quarter of a century ago. You 
may recall that video-phone booths 
were set up at the Flushing Meadows 
site and also in selected cities around 
the country. So the fair visitors could 
make a prearranged video- phone call 
to the folks back home. 


But I quickly learned that today's | 
development is not just a reprise of | 
the earlier story. Video phones didn't | 


catch on as predicted back then large- 
ly because they required special high- 
capacity transmission cables that did- 
nt exist in most places. And they 
| would have been expensive. The ex- 
pected interest simply never developed. 

Today the picture has changed com- 
pletely. The two new units now being 
introduced by Japanese manufactur- 
ers are affordable (about $400), they 
use regular phone lines at regular 
phone rates, and you can put them to 
work instantly. Buy one, plug it in, 
and you can hold a video chat with 
anybody else who has one. 


How did today's manufacturers get | 


around the earlier requirement for 
broad-band transmission links? In es- 
sence they gave up a constantly mov- 


ing picture and settled for a series of | 


snapshots, each one of which takes 
several seconds to transmit. Bill Haw- 
kins' piece in this issue explains all. 
The photograph on the cover was taken 
by Greg Sharko. 


Then as now 


I recently received an invitation to at- 
tend an event commemorating the 
hundredth anniversary of one of the 
major landmarks in the history of sci- 
ence, the famous Michelson-Morley ex- 
periment, which took place at the Case 
School of Applied Science in Cleveland 
in the fall of 1887. So it occurred to 


me to wonder what POPULAR SCIENCE | 


—then in its 16th year—had to say 


| about that event at the time. І found | 


it in the December 1887 issue. 


"Professors Michelson and Morley 
gave accounts, in the American Asso- 


| clation, of experiments by which they 


sought to measure the relative veloc- 
ity of the luminiferous ether and the 
earth," the item read. "Their method 
was to determine the interference be- 
tween two beams of light, which were 
reflected back and forth a number of 
times; one being in the direction in 
which the ether was supposed to be 
moving, and the other at right angles 
to that direction. No effect was found, 
and it was concluded that the ether 
must be at rest with regard to the 
earth. This solution, however, has to 
encounter difficulties, and invites fur- 


| ther research." 


Well, it certainly did cause difficul- 
ties, and the further research pre- 
dicted in the short item led to a total 
revision of our understanding of the 


world and how it works. Up until | 


a century ago, physicists thought 
that the universe was filled with a 
mysterious substance they named 
ether, and that this was the medium 
through which light was transmitted. 


Michelson and Morley tried to find ex- | 
perimental evidence for ether in an | 


ingenious way. If the universe were 


filled with ether, they reasoned, then | 


Earth should be moving through it. 
If they projected one beam of light 
in the direction Earth was moving 
through the ether and another at right 
angles to that movement, they should 
have been able to detect a small but 
measurable difference in the speeds 
that light traveled along the two 
paths, because light was presumed to 
propagate through the ether at a con- 
stant speed. 

Think of the situation as analogous 
to a game of catch played in a moving 
railway car. The movement of the train 
would greatly affect the speed of the 
ball as seen by a non-moving observer 
outside the car, adding to its speed 
when it was thrown in the direction 
the train was moving, subtracting 
from it in the opposite direction. 
Wouldn't light work the same way? 

What Michelson and Morley found, 
of course, was—nothing. No differ- 
ence. Did that mean there was no 
ether? Then how was light propa- 


pular 
Science 


gated? And how could light's velocity 
always be constant, regardless of the 
motion of the source or the observer? | 

Despite much work, the mystery re- | 
mained until the early years of this 
century. At that time, Albert Einstein, 
pondering the lesson of Michelson- 
Morley and other evidence, reached 
the astonishing conclusion that light | 
always travels at the same speed, re- 
gardless of its source, and that its 
speed was not only the speed limit but 
also the foundation and constant of the 
universe. 

From there he went on to deduce 
the remarkable features of that de- 
scription of the universe that today we 
call relativity. He concluded that while 
velocity of light remains constant, 
time does not. It proceeds at different 
paces depending on velocity. Mass also 
changes with velocity. Gravity and ac- 
celeration are indistinguishable, one 
from the other, and a gravitational 


| field must bend light. 


This Alice-in- Wonderland picture of 
the universe that defies the evidence 
of the senses has now been tested and 
found to be the truest picture of real- | 
ity yet devised. The bending of light 
as it passes through the gravitational 
field near the sun is routinely ob- 
served. Atomic particles increase their 
masses enormously as they approach 
the speed of light in giant accelera- 
tors. And super-accurate atomic clocks 
in orbit around Earth run at a slightly 
different speed from those on Earth. 

"The solution, however, has to en- 
counter difficulties, and invites further 
research," said POPULAR SCIENCE a 
century ago. And what a result that 
further research produced! Today, the 


world’s scientific knowledge and the 
| technology and products that grow out 
| of it have changed drastically. But 


PoPULARSCIENCE's mission—to illumi- 
nate and report on that world and 
even to identify areas that "invite fur- 
ther research" —has not. 


Оё — 


Editor-in-Chief 
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For years you've seen them floating high above football stadiums photographing games ог 
advertising consumer products, but until 1962 helium-filled airships had a long history as 
military machines, too. It may happen again: The U.S. Navy plans to build a giant advanced- 
technology blimp designed to keep constant watch over the horizon for deadly sea-skimming 
missiles fired at naval surface vessels—a job patrol planes and helicopters can't do as well. If 
military airships make a comeback, can huge civilian passenger cruisers and heavy-lift 


cargo “skycranes” be that far behind? 


By STEVEN ASHLEY 
Illustration by Jeff Mangiat 


OUTH ATLANTIC OCEAN, MAY 4, 1982—The Brit- 
ish destroyer H.M.S. Sheffield is on lonely radar picket 
ЫЎ duty in the choppy waters off the disputed Falkland 
Islands. Just out of the Sheffield’s radar range, an Argen- 
tine Super Etendard fighter swoops down from a cloud- 
covered sky to launch a French-built Exocet anti-ship 
missile. The $200,000 hunter-killer screams in six feet above 
the waves at almost the speed of sound. Eluding the Shef- 
field's electronic defenses, the aerial torpedo blasts into the 
$100-millton destroyer's hull. Within seconds black, acrid 
smoke smothers the deck and spirals skyward. The crew 
fights the raging blaze for five hours, then abandons the 
wreck. The surprise attack leaves 20 British seamen dead, 
24 wounded, and naval planners worldwide scrambling to 
find an effective and economical countermeasure to lethal 
sea-skimming missiles. 

Five years later, U.S. Navy Rear Admiral Robert L. 
Leuschner sits in a nondescript office building near the 
Pentagon pondering what may be an answer to the deadly 
menace: huge high-technology airships designed to chap- 
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"Of course, the common reaction is to giggle and say: 
‘Airships? You mean blimps? What a silly idea! " the tall, 
white-haired, white-clad former carrier skipper tells me. 
"But what else can stay up in the air with a radar big 
enough to see these small objects against the ocean clut- 
ter?" he asks, gesturing with an unlit corncob pipe. "Even 
with an aircraft carrier, we need everything to go just right 
with the long-endurance aircraft we have now—E2-C 
Hawkeyes—to maintain round-the-clock surveillance pa- 
trol. Апа a non-carrier battle group has little organic 
[intrinsic] detection capability against low-flying anti-ship 
missiles." 

The admiral gazes for a moment out of a rain-swept 
window. "That's where airships come in," he continues, 
again flourishing the pipe. "Instead of hours of endurance, 
were talking weeks." 

Leuschner's vision may eventually give a new look to 
the future Navy. Today, 26 years after its last lighter-than- 
air craft was decommissioned, the Navy is taking the first 
steps toward what could be a return of the battle blimp 
and the Naval Airship Service. In a cavernous hangar in 
Weeksville, N.C., the first prototype gondola is already 
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-BALLONETS (7) 


If blimps bounce back big, some ex- 
perts say that huge rigid airships like 
the Graf Zeppelin of old may be in the 
offing because they have greater lift 
capacity than non-rigid airships. Rigid | -— iS , 
frames more efficiently distribute loads = / m / Va | STRESSED COMPOSITE SKIN 
to the lifting gas. Under Navy con- ' A 24 | 
tract, Boeing Military Airplane Co. 
engineers developed a plan to build 
a 520-ft. 4.2-million cu.-ft. semi-mono- Ге дь a c ei. COMPOSITE 
coque design with a pressurized stressed : li c PW Er LONGERONS 
composite skin attached to a rigid com- eo ЧА ж ‹ "2; >: p- ji 

posite frame. gl Be EE 


RIGID COMPOSITE FRAME 


MAIN CREW 
COMPARTMENT / 


2.000-GAL.——— 


FUEL TANKS (6) EN 


TET in S ы Е MEER | INBOARD ENGINE 
| mo "AB Ыы | 
With a length of 205.5 ft. and a volume of 247,800 cu. ft. of 
helium, the Goodyear GZ-22 blimp Spirit of Akron 15 cur- 
rently the world's largest airship. It features a nine-man 
composite cabin, vectored-thrust propulsion, fly-by-wire 
electronic flight controls, and a distinctive X-tail config- 
uration that provides additional clearance when parking 
the ship in a hangar. The GZ-22 was developed as a mod- 
ern replacement for Goodyear's advertising blimps, but was 
expected to be used also as a technology demonstrator. 


taking shape. The completed blimp, to be called the Sen- 
tinel 5000, will be 423 feet long—half the length of an 
aircraft carrier. When its flexible fabric hull is filled with 
2.35-million cubic feet of nonflammable helium gas, the 
new ship will be 60 percent more voluminous than the 
largest non-rigid airship ever built—the Goodyear Aero- 
space Co. ZPG-3W, a 1960s-vintage early-warning radar 
blimp. 

The Sentinel 5000 will host a variety of high-tech fea- 
tures; among them: an advanced vectorable ducted-fan pro- 
pulsion system for improved low-speed maneuverability; 
a pressurized gondola as wide as a 747's fuselage to keep 
the crew comfortable during month-long missions; mod- 
ern non-metallic materials intended to minimize weight, 
the chances of detection by enemy radar, and electromag- 
netic interference; the latest in "fly-by-light" fiber-optic 
flight controls instead of heavy wire cables; a pneumatic 
actuator system linked by non-metallic air hoses to sub- 
stitute for electric servomotors; and a 40-by-10-foot rotat- 
ing radar dish designed to allow the blimp's radar system 
to spot small low-altitude targets more effectively than 
the powerful radar installed in Boeing E-3 Sentry Air- 
borne Warning and Control System (AWACS) aircraft. 

By late 1990, the big ship will be delivered to the Navy 
to begin a long series of field trials. If those tests are suc- 
cessful, the Naval Airship Program could lead to an en- 
tire armada of 40 or more even-larger missile-spotting 
guardian blimps. Beyond that, these next-generation 
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lighter-than-air craft could herald a new era of civilian 
passenger and load-hauling vehicles. 

Even though the Navy disbanded the Naval Airship Serv- 
ice in the early 1960s, it hasn't totally ignored airships. 
"Since 1974, the Navy has been considering the blimp for 
various duties," says David Bailey, manager for lighter- 
than-air programs at the Naval Air Development Center 
in Warminster, Pa. *Over the years, we oversaw about forty 
research studies that analyzed and tested everything from 
subscale flying models to full-sized leased airships," he 
says. As anti-ship missiles steadily improved over the years, 
Bailey explains, the possible advantages of using airships 
against them became more and more apparent. By the 
middle of 1986, Leuschner's Naval Airship Program had 
been established, and the Navy had let the world's aero- 
space industry know of its new need. Long-time blimp 
builders, Goodyear Aerospace Co. (a former unit of The 
Goodyear Tire & Rubber Co.) and a relative newcomer 
from Britain, Airships Industries Ltd. (together with its 
American partner, Westinghouse Electric Corp.), submit- 
ted bids. To the surprise of many, Goodyear did not win, 
despite its long history as the supplier of Navy airships. 
Goodyear had proposed a highly modernized version of 
the ZPG-3W airship for the new mission. The winner of 
the $169-million contract was Westinghouse-Airship In- 
dustries, an Anglo-American joint-venture firm based in 
Baltimore, Md. Airship Industries will build the blimp 
and Westinghouse Electric wili install the radar system. 

The Sentinel 5000 may not look wildly different from a 
traditional blimp—at least not from a distance. But under 
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Construction in progress of a prototype gondola (left) for 
the Westinghouse-Airship Industries Sentinel 5000 airship at 
its Weeksville, N.C., facility. Composed of lightweight, but 
strong non-metallic composite materials, the 15-man, triple- 
decker gondola would be relatively invisible to radar. The 
81-ft.-long pressurized gondola will be big enough to keep 
the crew comfortable on long missions. The cutaway view of 
the gondola (above) shows the crew accommodations and 
working areas as well as the radar antenna and support on 
the roof. On the top deck, there are 12 semi-private state- 
rooms, two heads, a lounge, and recreational facilities. 
The middle deck will include a galley, mission avionics 
equipment, combat-information center, as well as a non- 
pressurized engine compartment with its refueling and re- 
supply apparatus. The mezzanine flight deck has tandem 
pilot’s seats, flight controls (including a digital autopilot sys- 
tem), and navigation instrumentation. 


its skin much will be changed. For example, its advanced 
vectored-thrust propulsion system “is the first really ef- 
fective control system for airships,” says Roger Munk, tech- 
nical director for Airship Industries. “It will consist of two 
tilting propulsor ducts with 14-foot-diameter propellers 
driven by 1,800-horsepower CRM S.R.L. | Milan, Italy] ma- 
rine diesels, and a single uncowled 1,800-horsepower Gen- 
eral Electric CT-7 turboprop in a pusher configuration. 
The directed thrust it provides will allow the Sentinel 5000 
to maintain station in a wide range of weather conditions.” 
“Our Skyships [the emerald-green Fuji blimp is one] 
pioneered this type of system,” he says. “With them we 
were able to demonstrate how you can rotate the ducts 
upward and power the ship right down to the ground while 
keeping the craft level. This will be particularly impor- 
tant in the low-speed maneuvering necessary when the 
naval airship refuels at sea every three or four days.” 
The real significance of this low-speed maneuvering ca- 
pability becomes clear when you make a landing approach 
in a conventional blimp, as I did one summer afternoon 
last year in the Goodyear Airship Enterprise, with longtime 
airship pilot Pat Henry at the helm. After a delightful 
spin around New York Harbor, we're nearing our landing 
strip when suddenly, the entire cabin tips unsettlingly 
downward at what seems to be a 45-degree angle, and the 
ground starts to rush up at the windscreen. If this were a 
fixed-wing aircraft, I tell myself, we'd buy the farm for 
sure. But it’s a blimp, and with a precise turn of the ship’s 
wheel mounted beside his pilot’s seat, Henry levels off 
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Ballonets are pouches that can expand within the main airship enve- 
lope to maintain gas pressure on the external bag as atmospheric pres- 
sure changes with altitude. Sealed off from the helium lifting gas, 
ballonets can be filled with outside air through internal ducting and 
emptied through valves at their base. The valves open automatically 
on ascent to release air as the helium expands due to lower pressure 
at higher altitudes. On descent, the ductwork permits air to reenter 
the ballonets under fan pressure to avoid envelope collapse—especially 
under airflow pressure on the nose. Pairs of ballonets are installed 
fore and aft in airships to allow attitude control by filling the pouches 
differentially. An airship's operational ceiling depends on ballonet 
volume—this height limit is reached once they're empty. 
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your-home 


Your phone rings. You press a button and see the caller. Press 
j another button and he sees you. Phones like these once cost 
thousands of dollars and were designed for business purposes. 
Now, at $399, they're made for your home. 


By WILLIAM J. HAWKINS 
Photos by Greg Sharko 


P 


eter Alpar in Melbourne, 
Australia, bought a vaca- 
tion home in Queensland 
and couldn't wait to show it 
to his best friends back 
home in San Francisco. 
So he sent pictures of 
it through a VisiTel. 
"They loved it," he 
says. 

Scott Cline lives in 
Pikeville, Ky., and his 
family lives in Winston- 
Salem, N.C. But VisiTel 
helps keep them togeth- 
er. "For my niece's first 
birthday party I felt as 
though we were there," 
says Cline. “It’s not just 
a receiver stuck in your 
hand. It's more personal." 
And in Santa Clara, Calif., 
Bill Brisko was naturally con- 
cerned when his father went into 
the hospital. "What made it worse 

was that I lived too far away 
to visit him," he 


AIM 

"i says. So Brisko gave his fa- 
ther a VisiTel to take along. “That 

Mitsubishi's VisiTel above is turned on by sliding open the made a big difference," he says. 
| trapdoor that covers the ?5-in. vidicon camera. Its 4-in. screen Whats a VisiTel? “It stands for vi- 
| displays 2%-Ьу-З\л-їп. black-and-white still photos. Sony's sual telephone," says Brisko, "You can 

Teleface (right) uses a '»-in. saticon imager tube. see the person on the other end." 

Brisko is not just an avid VisiTel 
user; he's also one of the Mitsubishi 
design team that created it. The clever 
box is something like a two-way TV 
set that works with your present tele- 
phone. Dial someone who owns a Visi- 
Tel, talk as you would normally. Then 
press a button. Your image is sent over 
the phone line, and the person you 
called sees a black-and-white still pic- 
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ture of you on his sereen. And by 
pressing a button on his VisiTel, he 
sends a picture of himself back to 
you. 

The idea isn't new: It's based on 
past slow-scan-TV schemes. And, of 
course, AT&T's Picturephone has 
been available for years. But those 
systems need special phone lines 
and cost thousands of dollars to 
buy or rent, relegating them 
largely to business users. 

Now all that's about to change. 
Mitsubishi's VisiTel costs $399, 
works on your present phone line, 
and is made for home use. Sony, 
which has been selling a similar 
system in Japan since the fall of 
1987, is expected to have its ver- 
sion available here soon. And other 
makers— such as Fujitsu, Hitachi, 
Matsushita, NEC, Sanyo, and 
Sharp— are rumored to be waiting 
to see if a low-cost video phone for 
the home will catch on. 

How long a wait? According 
to the engineers and company 
representatives I spoke to, it's 
simply too early to judge. But if 
determination and enthusiasm 
count for anything, the future of 
video phones is quite a pretty | 
picture. \ 
Images from sound À 


“We engineered a phone that fits 
today's transmission medium," says 


Mitsubishi's Brisko. “We began by ask- E 
ing, ‘What would it take to send a pic- | 


ture over a phone system that's already 
in place?’ " 

To a video engineer, the phone line 
is a limited information carrier. Its 
bandwidth is about 3.5 kilohertz. 

That means that 3,500 
pieces of infor- 


"ond. That's enough for a 

voice signal, but not even close 
to the 4.5 millton a conventional TV 
picture requires. Also, because there 
are many phone systems with many dif- 
ferent operating characteristics, the 
video phone had to be able to operate 
under a variety of conditions. 

The attempt to develop such a de- 
vice began more than 10 years ago. 
"Originally, this was an Atari project," 
says Brisko. "We started with program- 
ming and hardware made for the old 
video games and computers." 

Not surprisingly, the team's solution 
turned out to be similar to the process 
of sending computer data through a 
phone line using a modem (see draw- 
ing). Here, however, the data represent 
picture information—96 by 96 pixels 


geri 


ery : sec- 


—wh ich is iced to vary the amplitude 
or volume of a 1,747-hertz tone. 

To compensate for the phone line's 
limited bandwidth, designers had to 
trade off picture quality. “It’s a black- 
and-white picture, with thirty-two 
shades of gray," says Brisko. But lim- 
iting the picture quality wasnt enough. 
More data were needed to create а com- 
plete image. 

^We added a memory to capture in- 
coming information," he says. "That lets 
the electronics build a picture over a 
period of time." It takes 5.5 seconds 
from the moment a picture 1s first sent 
until the last piece is received and dis- 
played. That's not a long time, but it 
means you only see still snapshots of 
people, not a "live" picture. 

Because each pixel is created by the 
level —the rise and fall of the ampli- 
tude—of the incoming signal, design- 


ers had to deal with the huge variances 
in phone-line quality. "We take care of 
that with a preamble," Brisko says. 

A preamble is a tone burst sent to 
the receiving video phone just ahead 
of the picture. "When your video phone 
hears that burst, it knows there's a pic- 
ture coming," says Brisko. "The cir- 
cuitry knows how loud it should be, and 
uses the level it receives to set the in- 
coming signal level" From then on, 
changes in level represent picture 
information. 

The earlier work at Atari was sold 
to Mitsubishi, which continued the de- 
velopment. “ТҺе electronics for the first 
phone fit in an ice chest," says Brisko. 
Now, because of large-scale integration, 
most of that circuitry fits nicely on 
three main integrated circuit chips. 
"The largest one we call ‘Mr, Bill’ " 

Continued 
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Sending and receiving pictures 


SEND 


DRAWING BY ELIOT BERGMAN 


Transmission: As the vidicon camera 
scans an image, each pixel (picture ele- 
ment) is converted into a digital repre- 
sentation of shades of gray and held 
in a DRAM (dynamic random-access 
memory). When the "transmit" button 
is pressed, the pixels from memory are 


Mr. Bill, black-and-white still pic- 
tures, low-cost memory chips, and the 
use of conventional phone lines help 
make the video phone an inexpensive 
reality. But how well does it work, and 
how easy is it to set up? The answers 
are only a phone call away. 

"This only takes a second," says Jim 
Reilly, spokesman for Nippon Telegraph 
& Telephone (NTT) as he carefully 
shifts the clutter of papers on my desk 
and puts down a Teleface video phone. 
The Teleface is made by Sony and sold 
through NTT in Japan. 

Reilly disconnects my phone from its 
modular wall jack, plugs it into the 
back of the Teleface, and plugs the 
Teleface into the wall jack. Then he 
plugs in the AC cable, turns on the 
Teleface, and, using my phone, dials 
NTT's headquarters in New York. 

Reilly swivels the Teleface so its 
built-in camera faces me. "The fixed- 
focus lens is set for about eighteen 
inches,” he says. I can see myself clearly 
on the four-inch-diagonal CRT. "Now 
pose," he says. "Choose the shot you 
want.” 
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sequentially read and used to control 
the amplitude of a modulated audio sig- 
nal. The varying signal represents the 
stored image and is sent to the receiv- 
ing phone via the phone line. Reception: 
The varying amplitude of the incoming 
signal is converted to a digital gray scale 


I pick my best side, Reilly presses 
the “freeze” button, and my image 
freezes on the screen. “Неге it comes," 
says Reilly into the telephone. He 
presses the "send" button, and a set of 
lights along the bottom of the Teleface 
blinks sequentially, indicating that my 
picture is being sent across town to 
NTT. (While a picture is being sent, 
the phone is automatically disconnected 
from the line, so you cant speak to the 
other person.) Moments later the pro- 
cedure is reversed, and a fairly good 
image of a woman holding a telephone 
appears on my screen. In minutes, 1 
am visually telecommunicating. 


Easy to use 


"It's as easy to hook up and use as a 
telephone answering machine,” says 
Jim Bobowski, Sony’s general manager 
for telecommunications. “And it could 
be used with one.” 

Because a picture is created with a 
fluctuating audio tone, an image can 
be recorded on standard audio tape. 
“Combined with your phone answering 
machine, your outgoing message could 


representing each pixel and is sequen- 
tially stored in DRAM. When the pic- 
ture is complete, data from the DRAM 
are read out, converted to an analog 
gray scale, and displayed on the screen. 
Elapsed time to receive a complete pic- 
ture—5.5 sec. 


also contain a picture of you for video- 
phone users,” says Bobowski. “Incom- 
ing messages would contain any pic- 
tures sent by the caller. When you get 
home and play back your messages, 
you'll see the picture, too.” 

And there are more tricks. Besides 
the main memory used to assemble in- 
coming pictures, additional memories 
hold previous images. (Sony’s holds one; 
Mitsubishi's, three.) 

“Say you're talking to your brother, 
and you've received a picture of him,” 
says Bobowski. “Now you call your sis- 
ter. Press a button, and you can pass 
his picture on to her.’ 

Wait. Call my brother? And then my 
sister? I have trouble keeping my fam- 
ily off the phone now. How much extra 
is this going to cost? 

“Nothing,” says Mike Takei, senior 
manager of corporate planning for NTT. 
"It's billed as a regular phone call." 

Video-phone calls with the new equip- 
ment will cost exactly the same as to- 
day's audio calls, because they use the 
same lines. They don't require the spe- 

[Continued on page 107] 


- BuickS sporty roadster 


By RICHARD STEPLER 


sporty car to drive," says Lloyd E. Reuss, General Mo- 

tors Corp.s executive vice president, about Buick's new 
Reatta two-seater. So what is it? Perhaps you could call 
Reatta a civilized Corvette; with GM's 3.8-liter 165-horse- 
power V6, Reatta isnt going to win any stoplight show- 
downs with Chevrolet's V8-powered sports car. Or maybe 
you could call it an affordable Allanté; at $25,000 to 
$30,000 (price is not yet set), Reatta costs considerably 
less than the $56,533 Cadillac two-seater. 

Available only as a coupe (a convertible is planned later), 
Reatta's transverse V6 drives the front wheels through a 
four-speed overdrive transaxle. Suspension is all indepen- 
dent, with MacPherson struts and anti-roll bar in front 
and struts, semi-trailing arms, and transverse leaf springs 
in the rear. Brakes are all disc, with anti-lock standard, 
and steering is power-assisted rack and pinion. 

Reatta is certainly sporty looking, at least on the out- 
side. With its diminutive boat tail and long front over- 
hang, the car appears to have a strong weight bias in front, 
and indeed it does: Its 3,350-pound curb weight is split 67 
percent, front; 33 percent, rear. This does not seem to ad- 
versely affect handling, however. The rear end, I found, 
always stays behind you, even on tight hairpin turns. The 
standard Eagle GT+4 tires [cover story, Dec.'87] undoubt- 
edly help. 

Reatta's rectilinear instrument panel (photo right) 
clashes with its curvaceous exterior. I found that it's only 
safe to operate the touch-sensitive CRT when the car is 


р t's not a sports car, but it is а sporty-looking car and а 
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Reatta's sleek exterior rates а 0.34 drag coefficient. Instru- 
ment panel is a computerphile's dream: Digital readouts 
are complemented by a CRT that displays and controls 
entertainment and climate systems, diagnostics, and more. 


stopped; it simply requires too much attention away from 
the road to operate. 

The car is produced at the low-volume Reatta Craft Cen- 
tre in Lansing, Mich. (The spelling is a nod toward the 
car's English heritage; manufacturing design, product en- 
gineering, and prototypes were done by several small En- 
glish firms.) As befits a high-quality low-volume specialty 
car, there is no assembly line at the Centre: Instead, au- 
tomated guided vehicles transport the cars between as- 
sembly teams who work at their own pace. 
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Footloos 


Three new electronic clutch systems from Germany, England, and France combine the con- 
venience of an automatic transmission with the economy of a manual. 


By DAVID SCOTT 


Köck. “Forget the clutch pedal; 

there isnt any.” At the wheel of 
the manual-transmission-equipped 
BMW 735, I nervously followed his in- 
structions, half expecting a horrible 
gear crunch. Not a sound. “Now drive 
off normally,” he urged. I squeezed the 
throttle pedal, and we squirted sweetly 
away. Thus reassured, my left foot idle, 
I moved up through the саг» gears; 
and soon, the manual transmission's 
no-clutch-pedal shifting seemed per- 
fectly natural. 

А manual transmission that shifts 
without a clutch pedal is not a new 
idea. In fact, several such systems have 
previously appeared on production 
cars. One of the most successful of 
these was the electro-pneumatic “Au- 
tomatic Stickshift" used on a lim- 
ited number of Volkswagen Beetles 
in the United States. But most of 
the no-clutch-pedal systems were 
eventually abandoned because they 
were expensive, complicated, and op- 
erated crudely. 


J ust shift into first," said Wolfgang 
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= - Fichtel & Sachs clutch actuator h mU d 
=~ small electric motor worm-geared to 
_ toothed rotary disc. A push ros 


Today, with the introduction of low- 
er-cost electronic control units to fine- 
tune the clutch action, three promis- 
ing new systems have emerged. The 
companies building these systems are 
Fichtel & Sachs, a West German auto- 
components maker, Automotive Prod- 
ucts of Great Britain, and Valeo of 
France. 

After my test drive, Kóck, a senior 
engineer in clutch research and de- 
velopment at Fichtel & Sachs, ex- 
plained how the system works. “We 
replace the driver’s left leg with elec- 
tric muscle. A small motor releases 
the clutch. It is controlled by an elec- 
tronic brain that does even better than 
a human one. It instantly processes 
inputs from sensors that tell it throt- 
tle opening, engine revs, gear selec- 
tion, and road speed. The brain then 
operates the clutch in a truly skilled 
way that is appropriate to those 
variables.” 

The most critical input comes, of 
course, from the sophisticated gear- 
shift-lever switch. It responds only to 
deliberate fore-and-aft stick move- 
ments, so is unaffected by accidental 
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sideway nudges. The switch is also 
load sensitive. It operates only in the 
direction of shifting into the next gear 
and out of the previously selected gear 
—refusing to operate in the direction 
of the gear already engaged. That 
means you can rest your hand on the 
lever as you prepare to make your 
shift, and the clutch won't disengage 
until you actually start to make the 
gear change. 

"With the car at rest, the switch op- 
erates only in first and second," Kóck 
pointed out. “So you can't start out in 
any higher gear. Try it." Cruising 
along a Frankfurt back street in 
fourth, I stayed in gear as I braked to 
a stop. Automatically, the clutch dis- 
engaged to prevent the engine from 
stalling. But because Га left the lever 
in fourth, the clutch refused to engage. 
When I squeezed the throttle, the 
engine raced, but the car would not 
move. Kóck pointed to a flashing green 
light on the instrument panel. “That 
means ‘wrong gear,” he said smiling. 
"You must shift down." 

Already impressed, I-found that 
Fichtel & Sachs has even more tricks 
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programmed into this system. For in- 
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wouldnt provide a figure because his 


The company claims there's no cost 


i stance, if you're driving at high speed company is currently negotiating with penalty despite the system's relative 
> and downshifting to too low a gear, several auto makers, including some complexity. And because it uses the 
over-rev engine damage is avoided by U.S. firms, and any final figure would hydraulic cylinder, there's no need for 
ry a pulsing in-out clutch movement un- depend on their markup. But he а master cylinder. That makes it easy 
til engine speed and gearbox speed are guessed that a reasonable price would to adapt to existing cable-operated 
r^ matched— without totally interrupt- be about one-halfthat of an automatic clutch systems. 
ing the power flow. The rate of engage- transmission. The elegantly simple answer to 
ment for low-gear starts can be varied TN Д shifting manual transmissions with- 
» between “soft” and “sporty” with an British solution out a clutch pedal is provided by 
instrument-panel selector. A rival system from Automotive French auto-components giant Valeo. 
1 And while there's no automatic-like Products in Britain differs in several Applying Gallic logic, Valeo uses a 
creep at rest, hill starts are still a sim- ways. It has automatic throttle as well low-cost window-winder mechanism 
T ple two-pedal operation— without the as clutch control, which allows engine for direct operation of the clutch. Ап 
fuel-burning losses of a torque con-  revs to be optimized for every gear electric motor is geared to a pivoted 
d verter. The computer program is also change—avoiding all of the common quadrant fixed to a swinging lever, 
s designed to allow engine braking on hiccups of mismatched engine and which operates the clutch-release 
grades in any gear. This is because the transmission input-shaft speed. This bearing in place of the foot pedal. 
' control module's microchip won't send synchronization is masterminded by Much of the considerable force needed 
т 5 $ ” H А ^ | А А 
a clutch-release signal until engine ап electronic control unit, which for clutch-plate movement is provided 
3 revs fall below 600. positions the throttle valve via an elec- by a helper spring. 
In this German design, an electric tric stepper motor—essentially ig- Motor speed and direction are con- 
+ motor controls the clutch through a noring your foot commands on the trolled by an electronic module, fed 
hydraulic master cylinder, already a throttle pedal during the gear change. from sensors that monitor engine revs, 
standard part of most cars. Driving a Clutch action is carried out by a gearbox input and output speeds, and 
worm gear, the motor turns a disc high-pressure hydraulic cylinder. Au- the input signal from the shift lever. 
linked to a push rod that replaces the tomotive Products claims this provides For many drivers any of these pow- 
5 usual pedal linkage to the cylinder. a faster, more delicate control than ered clutches could eliminate the 
Just a few rapid turns of the motor electromechanical methods. The cyl- mystery and skill required to operate 
3 give smooth clutch actuation, with the inder is fed pressure from a dedicated а manual-transmission car—calm 
control unit determining the exact hydraulic power pack, which includes nerves in stop-start traffic—and offer 
А amount of slip for engagement. an electric pump, and an accumula- a cash saving over expensive, fuel- 
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> Automotive Products in Britain modulate 
clutch action with a computer to simulate ; 
er's footwork. High-pressure (580 psi) hydrauli 
contained power pack operate the clutch. ` 


throttle and The French Valeo system is simplest, with direct mechani- 
rt driy-_ eal operation of clutch-release bearing via an electric motor 
naself- geared to the quadrant end of a pivoted lever. A spring 
OCC _ provides force for clutch-pedal movement. 
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SAVING § 
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Twenty years after the severe flooding of Venice, the Italian 
government and an engineering consortium are agreeing on 
a tidal barrier design that could hold back the rising tide and 
save the threatened city from high waters. 


An aerial view of Venice shows its vul- 
nerability to the rising level of the Adri- 
atic Sea (above), which feeds the city's 
myriad canals. Tide levels continue 
to increase each year. А deluged St. 


By H. ALDERSEY-WILLIAMS 


VENICE, ITALY 
s ] make my way through nar- 
row Venice streets, crossing 
countless bridges over the busy 
canals, I pass ancient churches and 
palazzos filled with priceless artworks. 
Occasionally, I see a wall of a build- 
ing inscribed with the fateful date, 4 
November 1966. 

These inscriptions are high-water 
marks, a sad reminder that all this 
splendor is perpetually threatened by 
the sea. For on that day, the city's 
official tide gauge, located at the 
mouth of Venice’s Grand Canal, re- 
corded a tide, swollen by strong winds 
and torrential rain, fully six feet 
above mean sea level. As water poured 
through palaces, hotels, shops, and 
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Mark's Square, at right, is an example 


of the kind of flooding that can occur. 
Flooding not only makes travel diffi- 
cult, but also threatens priceless art- 
work and historic structures. 


museums, damage ran in the tens of 
millions of dollars, not including dam- 
age that was done to priceless works 
of art. 

In the 21 years since Venice re- 
corded that catastrophic day of flood- 
ing, it may seem that little or noth- 
ing has been done to prevent an 
equally disastrous recurrence. Now, 
after several false starts, a local con- 
struction consortium aptly named 
Venezia Nuova, or New Venice, has re- 
ceived approval for a plan to build a 
flood barrier around the Venice lagoon. 
The action comes none too soon. Ven- 
ice had been sinking some four inches 
a century because of geological shifts 
in the Po Valley region. While experts 
now believe the geological sinking has 
stopped, the tide level in Venice con- 
tinues to increase by И inch each year 


n 


as the average sea level throughout 
the world increases. High tides peri- 
odically flood Venice's piazzas and do 


untold damage to the foundations of 


its historic buildings. 

When І enter the Venezia Nuova 
office, a former ducal palace now up- 
dated with computer terminals and 
modern office furniture, the business- 
like hush is broken only by the clack- 
ing of keyboards. Beneath an ornate, 
frescoed ceiling, I meet Dr. Franco de 
Siervo, the engineer in charge of tech- 
nical services for the consortium to 
build the Venice barrier. He lights his 
pipe, leans back in his chair, and slides 
toward me the book of matches he 
has just used. "The barrier is a gate, 
hinged on the bottom, that runs across 
the lagoon entrance. In the open po- 
sition it will lie in a recess 1п the con- 
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crete foundation," he says as he lays 
the matchbook flat on the desk. 

In this condition, the gates, which 
are actually rows of 20-meter-long 
water-filled steel canisters, lie horizon- 
tally on the sea bed at the three en- 
trances to Venice's lagoon. Tides and 
ships can pass without hindrance. But 
under specific conditions, outlined to 
me later by another engineer, the gate 
opens up. "We inject air so that the 
water is pushed out of the canisters," 
de Siervo continues. “J ust from buoy- 
ancy, the gate rises up.” As he speaks, 
he slowly lifts one edge of the match- 
book off the table. “It’s simple.” 

Simple yes, but not cheap. The $2.6- 
billion scheme is the latest of many 
proposals to protect Venice and its sur- 
rounding lagoon from floods. But un- 
like previous comers, including an 
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inflatable rubber dam suggested by 
Italian tire manufacturer Pirelli 
| Floodproofing Venice with Rubber 
Dams,” March 76], Venezia Nuova's 
plans have gained government ap- 
proval and funding. 

This difficulty in gaining govern- 
ment approval is one reason it's taken 
over 20 years to formulate a final plan 
to hold back the Venice floods. Italy’s 
volatile politics may be partly respon- 
sible for this delay, but the greater 
part of it 1s for good scientific reasons. 
Venice lies in a large, shallow lagoon 


that supports not only the people of 


the city, but also both a fragile ecol- 
ogy and a booming chemical and oil- 
refining industry fed by the continual 
traffic of large ships. 

Any barrier to prevent tidal flooding 
must not harm plant or animal life 
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in the lagoon, restrict shipping move- 
ments, or reduce the water exchange 
between the lagoon and the sea that 
helps remove sewage and pollution 
from inhabited areas. In addition, the 
barrier must be completely reliable 

even if it's only used infrequently. 
These requirements ioake the de- 
sign of the Venice barrier more com- 
plex than for existing barriers around 
the world. “It’s the only one of this 
dimension that has both to stop the 
water and allow navigation," points 
out Alberto Scotti, managing director 
of Technital, a Verona-based consult- 
ing firm responsible tor computer sim- 
ulations and mathematical modeling 
of the Venice design. He explains how 
this 15 achieved: "The barrier does not 
have intermediate concrete support 
Continued 
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structures. Normally, with such a bar- 
rier you can have a maximum of sev- 
enty or eighty meters between sup- 
ports. In our case we have an open 
space of three hundred meters." The 
Thames Barrier [Nov. '80], by contrast, 
only allows the passage of minor ship- 
ping, while the Dutch Oosterschelde 
[Feb. '82] is a different, continuous 
structure for protection against storm 
surges rather than high tides, and it 
does not allow any shipping through. 

The special combination of require- 
ments for the Venice barrier ruled out 
many early designs that were submit- 
ted. Some, though, received detailed 
consideration, including laborious 
mathematical modeling and physical 
simulation studies. But in the end, 
findings always indicated possible 
damage to the delicate balance of nat- 
ural forces in the lagoon and a need 
for more research. 

Tests so far on the Venezia Nuova 
proposal look considerably more 
hopeful. So much so that the 27-firm 
consortium is now in the process of 
submitting the final proposal for fund- 
ing the research and construction 
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program. Construction work on the 
barrier itself could begin as early as 
late this year. “Our target,” says de 
Siervo, "is to complete everything to 
start operation at the beginning of 
1996.” Government funding is pro- 
vided annually in roughly $250-mil- 
lion batches. The first two such sums 
have been spent partly on design and 
modeling studies of possible barriers, 
but mostly on preliminary work on the 
fabric of Venice itself, including dredg- 
ing canals and reinforcing sea walls. 
A third injection of cash will finance 
the last of the research, and subse- 
quent grants will be spent on construc- 
tion of the barrier itself. 


Closing questions 


One of the barrier's principal engi- 
neers is Augusto Ghetti, president of 
the Venice region's Institute of Sci- 
ences, Arts and Letters and professor 
at the Institute of Hydraulics at the 
ancient University of Padua. While he 
is enthusiastic about the newest bar- 
rier design, Ghetti concedes that there 
are still some unsolved design prob- 
lems. For example, a satisfactory de- 
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sign for the hinge that will double as 
a valve to admit compressed air and 
expel water during barrier operation 
has not been agreed upon. Another 
source of debate concerns the frequen- 
cy and duration of barrier closings. "If 
you don't want any flooding in Ven- 
ice, it 18 necessary to close the gates 
at eighty centimeters [about 2'5 feet] 
on the tide gauge at the Punta della 
Salute," says Ghetti. “Statistically, 
that would happen about forty times 
a year for flooding to be completely 
avoided." It is at this 80-centimeter 
level that a tide officially becomes an 
acqua alta, or high water, and Vene- 
tians are warned of its impending ar- 
rival by eerie howling sirens. 

Such frequent closings, however, 
would interfere with shipping and 
would build up excessive pollution in 
the lagoon. The duration of each clo- 
sure must be considered too. Ghetti 
provides a dramatic illustration: "Here 
is a tide record from last February," 
he says as he opens up a graph of the 
most recent severe flood in Venice. He 
points to a tall peak on the graph. 
“You see that the level was high—1.75 
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The gates аге made up of individual m 
water-filled canisters. When tides be- __ 
gin to rise and there is danger of 
flooding, compressed-air generators - 
are turned on and air is pumped into | 
the canisters, replacing the water. As 
the canisters fill with air, they float 
up to about a 45° angle, providing a 
shelf on which waves can break, ex- 


graphics illustrate the gate segments _ й 


has been replaced by the rectangu- 5 
lar one shown in the barrier draw- . . 
ing because studies showed that the _ 
curved design caused instability from 
wave action. f 


meters [almost six feet] on the tide 
gauge.” The 1966 record flood level was 
1.94 meters. “And the duration was 
forty-eight hours. That would be a 
long closure. But,” he adds, with a 
sigh of relief, “of course, that is only 
one or two times a year.” 


Computer flood predicting 


Rare as such cases are, scientists 
now favor using a tidal barrier just 
for these short-lived extreme high wa- 
ters. Minor flooding would be pre- 
vented by other means, such as the 
construction of low sea walls along the 
canal sides. Current thinking favors 
starting the closure at 110 centime- 
ters (about 3'^ feet), a water level that 
would flood about eight percent of Ven- 
ice, including St. Mark's Square, a lit- 
tle more than ankle-deep. "In this 
case," says Ghetti, "only three or four 
closures a year would be necessary." 

Those few occasions arise when a 
high tide coincides with particular 
weather phenomena. Says Ghetti, 
"The water tends to increase gener- 
ally when there is sinking pressure 
at Venice and high pressure in the 


South Mediterranean." The high at- 
mospheric pressure at the south end 
of the Adriatic Sea pushes water 
northward toward Venice, while the 
low pressure offers no resistance to the 
water-level rise. This set of weather 
circumstances is made more threat- 
ening because of the likelihood of rain 
associated with the low-pressure area 
at Venice's end of the Adriatic. 

Computers will be used to forecast 
flooding danger, using standard tide 
data from published tidal-prediction 
tables in combination with frequently 
updated atmospheric-pressure read- 
ings and wind and rainfall predictions 
from the Italian state meteorological 
service. "This should give us a reli- 
able forecast of the actual high tide 
between six and twelve hours in ad- 
vance," says de Siervo. 

These data will be interpreted in an 
operations center where a course of 
action will be decided. If the barriers 
are to be closed, three operations sub- 
centers—one at each lagoon entrance 
—will be instructed to begin barrier 
closing. But first an operator will 
make a visual check to make sure that 
the entrance is clear. "It will never be 
completely automatic," says de Siervo. 
"There could always be a small boat 
just fishing on the gate. You have to 
look and check." 

Scale-model studies are being used 
to see how the gate will behave dur- 
ing closings. At the consulting hydrau- 
lic laboratory Estramed, near Rome, 
Franco Guiducci and his colleagues 
have constructed a V4o-scale model of 
the gate element designs. "Here we 
have the tank," Guiducci says as he 
gestures, standing on the gravel bot- 
tom of a large, glass-sided channel 
constructed in Estramed's laboratory. 
In a few days, the spot where Guiducci 
stands will be filled with water for the 
tests. A hydraulically driven wave gen- 
erator at the end of the 150-foot chan- 
nel is capable of creating a variety of 
wave shapes and sizes. The model is 
halfway along the channel. Three 
bright yellow barrier canisters lie 
flush with the foundations at the bot- 
tom of the tank. "We are going to test 
them under varying wave conditions 
and sea levels that could occur in the 
lagoon," explains Guiducci. 

Two prototype gate-element designs 
have been tested. One is a rectangu- 
lar canister, stepped at the edges, 
looking a bit like a giant block of choc- 
olate. The other has air chambers in 
the form of cylindrical drums mounted 
four across the gate. Already, the Es- 
tramed tests have rejected the cyl- 
indrical canisters. The cylinders, 
Guiducci recalls, rose to nearly verti- 
cal position when filled with air. As a 
result, they hit the waves coming down 


the tank head-on, setting up wild os- 
cillations that allowed waves inside 
the lagoon to build up almost to the 
height of those in the open sea. 

Because the barrier must keep 
storm waves from the Adriatic Sea 
from entering the lagoon, the gate el- 
ements now being tested are designed 
not to rise to a fully vertical position. 
Instead the canisters are designed to 
float up to about 45 degrees, provid- 
ing a shelving "beach" on which the 
waves can break and expend their en- 
ergy. Each element is independent of 
its neighbors and is free to swing on 
its pair of hinges to absorb this en- 
ergy without stress building up in the 
structure. 


Holding back the sea 


Estramed's studies are being com- 
plemented by tests in a larger hydro- 
logical research firm, Delft Hydraulics 
in the Netherlands. Here, tests will 
be performed using a Y30-scale complete 
barrier as well as the surrounding 
fixed concrete constructions and mod- 
els of the islands. “It’s a huge model. 
We are modeling all fifteen barrier- 
gate elements covering an area of one 
by one-and-a-half kilometers around 
the Malamocco entrance,” says Wiel 
Tilmans, the project manager at Delft. 

The Delft studies will explore pos- 
sible instabilities in the barrier de- 
sign. For example, the order in which 
the gate elements are swung into po- 
sition might be important as well as 
the order in which they close—should 
the edge canisters or the center can- 
isters be closed first? Another possi- 
bility is that waves of a particular 
frequency might set huge snakelike 
oscillations rippling from one element 
to the next along the entire length of 
the barrier. Other waves might scour 
out the sea bed near the barrier and 
threaten its foundations. All these 
risks must be evaluated. 

Work cannot begin on the entrances 
until all model tests have been com- 
pleted, says de Siervo. “In the 
meantime, we are designing all the 
interventions in the lagoon that do not 
depend on their completion—dredging 
of canals, reconstruction of the barene, 
grassy mud flats in the lagoon, which 
are covered at ordinary high waters, 
and the maintenance and repair of the 
boundaries of the small islands which 
constitute the inhabited part of the 
lagoon.” 

Walking over to a giant chart of the 
Venice lagoon that covers a wall of his 
office, de Siervo stresses that the bar- 
rier is just one step in the general 
scheme to save Venice: “We are look- 
ing at the restoration and preserva- 
tion of the ecological equilibrium of 
the lagoon as a whole.” 
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AUTOFOCUS 


Found in sophisticated SLR cameras as well as simple compacts, autofocus technology uses 
a bag of tricks that now includes split-second focusing and a device for shots in the dark. 


By ARTHUR GOLDSMITH 
Photos by Greg Sharko 


an autofocus camera. It was in Tokyo 

in 1973, during a visit to the head- 
quarters of a large photographic man- 
ufacturer. With an air of great secrecy, 
one of the company’s top engineers 
ushered me into a small back room 
for a demonstration of a prototype self- 
focusing system. The heavy, cumber- 
some setup included a prism reflex 
camera mounted on a tripod, a spe- 
cial 100mm f/2.8 lens, servomotors, 
photo receptors, and connecting cables. 
My subject was a mannequin's head 
illuminated by two photofloods. 

Centering the lens on the manne- 
quin, I pressed the autofocus button. 
Electric motors whirred as, with pain- 
ful slowness, the lens sought the po- 
sition of sharpest focus. After a few 
seconds, it finally succeeded. | 

"Of course, this is only a rough ex- 
perimental model," my host said some- 
what apologetically. “It’s far from being 
a practical device. But you can see it 
has possibilities" Indeed I could, de- 
spite the comic clumsiness of the in- 
troductory performance. 

In 15 years, autofocus, or AF, tech- 
nology has come a long way. Autofocus 
is now commonplace on compact 35mm 
cameras and is incorporated into a 
number of sophisticated single-lens re- 
flex, or SLR, models— with more to 
come. Today AF cameras are faster 
—some can focus in a fraction of a sec- 
ond; they perform better in low light— 
even in the dark; and new shooting 
modes make it easier to capture mov- 
ing targets. AF can't substitute for 
manual focus in every case, but the 
new AF systems do allow for creativ- 
ity as well as convenience. 

There are two basic types of autofocus 
systems: active and passive |"Auto- 
focus Cameras," Dec. 80]. With the 
active type, a beam of ultrasound or 
infrared light is projected from the 
camera and reflected by the subject 
to provide distance information (see 
diagrams). Infrared systems are widely 
used on compact 35mm cameras. Pol- 
aroid Corp. has chosen instead to use 
an echo-ranging system in some of its 

Continued 
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How three autofocus systems work 
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Electrostatic transducer on Polaroid cameras 
emits short ultrasonic bursts. The sound is 
reflected back to the transducer and converted 
to an electrical signal. The camera's electronic 
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circuitry records the elapsed time between the 
transmitted signal and the echo, then com- 
putes the distance to the subject and issues 
directions to a lens-focusing motor. — | 


Focusing frames automatically zero in 
on the center of a scene (far left). To 
create other effects (left), use a focus- 
lock feature, standard on virtually all 
autofocus cameras. Center the subject 
and depress the shutter release half- 
way to freeze the focus; then recom- 
pose and depress the release all the way. 
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models. These active systems work at 
any level of illumination, including 
total darkness. However, sonar sys- 
tems aren't effective if you shoot 
through a window pane or any trans- 
parent barrier. 

Unlike active systems, passive phase- 
matching (or phase-detection) systems 
depend on ambient light. Like the 
human eye, they become less efficient 
in poor light, where distinctions in de- 
tail are harder to see. Also, a passive 
system doesn't work when confronted 
with a featureless surface such as an 
evenly painted wall. It needs a line, 
edge, or contour on which to focus. 

The passive systems used by early 
AF cameras were mostly limited to 
brightly lit scenes, becoming virtually 
useless in dim lighting, where human 
vision most needs assistance. І remem- 
ber using a Japanese-made autofocus 
lens to photograph a famous limestone 
cave in the Kuei-lin area of China. 
The fantastic shapes of the stalag- 
mites and stalactites were colorfully 
but dimly lit. I could have used some 
reliable autofocus help, but the light 
level was too low. The lens patheti- 
cally hunted back and forth. 

Recently, however, poor-light perfor- 
mance has improved significantly. The 
10 or so SLR autofocus cameras cur- 
rently available claim AF thresholds 
that vary from EV4 at ISO 100 (equiv- 
alent to an illumination level requir- 
ing an exposure of '4 second at f/2) 
down to EV1 (equivalent to one sec- 
ond at f/1.4). 

Canon Inc. claims the latter AF 
threshold for its recently introduced 
EOS (for Electronic Optical System) 
models, the 620 and 650, which use a 
Canon-designed device called BASIS 
(for Base Stored Image Sensor). Canon 
says the new chip, which amplifies the 
output from each individual sensor el- 
ement, is more sensitive than conven- 
tional charge-coupled devices. 

Nikon's 4004 AF SLR also claims 
superior autofocus performance in dim 
light—with the aid of 200 CCD sen- 
sor elements, nearly twice the num- 
ber usually supplied. In autofocus cam- 
eras that use CCDs, dual images are 
projected onto the sensors. When the 
images line up, the subject is in focus 
(see diagram). The CCD array is usu- 
ally horizontal, so it’s easier for the 
system to detect a split vertical image 
than a horizontal one. Nikon improved 
the sensitivity by arranging the 4004's 
elements in a diagonal configuration, 
which enhances the camera's ability 
to focus on curves and horizontals. 

Another approach to low-light AF 
performance is found in the Olympus 
OM77AF This camera has an autofocus 
system with an illumination thresh- 
old of a respectable EV4 at ISO 100. 
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But when the scene gets too dark for 
accurate performance, a "focus assist" 
red light automatically turns on and 
projects a circular target pattern on 
which the system can focus. 

The Pentax SF1 has a built-in “spot- 
beam" that projects a pattern of red 
and black vertical stripes. The beam 
works on subjects up to four meters 
away. 

The motor or motors that drive an 
SLR autofocus system can be located 
inside the camera or within the lens 
itself. At one time, Nikon, Konica, and 
other companies made a number of at- 
tempts to market AF systems incor- 
porating the motor with the lens, but 
the resulting combinations were heavy 
and awkwardly shaped. Nobody loved 
them except their designers. 

Then in 1985 Minolta Camera Co., 
Ltd., unveiled the Maxxum line of AF 


n some cases, 
a good autofocus sys- 
tem does better than 
a photographer can 
manually, unless he's 


extremely adept 3 Li 


SLR cameras with the focusing motor 
located inside the camera body, thus 
allowing a new line of dedicated auto- 
focus lenses to be virtually as compact 
and lightweight as the equivalent con- 
ventional lenses. "I fear its effect on 
the industry will be catastrophic," 
moaned an industry-trade-association 
official. “It is so advanced it will take 
other manufacturers a long time to 
catch up, and in the meantime that 
may cause a price war. 

The Maxxum line was an instant 
hit and enjoyed a clear field for some 
12 years, but its competitors survived 
and caught up. Nikon, Olympus, Ya- 
shica, and Pentax chose to follow 
Minolta's lead, locating the autofocus 
motors inside the bodies of their new 
AF SLR models. But Canon pursued 
a characteristically independent ap- 
proach by sticking to the motor-inside- 
the-lens design. Miniaturized, light- 
weight motors with curved configura- 


tions enabled Canon engineers to de- 
sign a new line of Electro Focus, or 
EF, lenses. The motors add little or 
no weight or bulk to the lenses, which 
retain a traditional cylindrical shape. 

Regardless of where the motors are 
situated, how fast do the new systems 
work? They are no slouches. Canon 
claims that its new EOS-dedicated 
50mm f/1.8 EF lens can move from in- 
finity to its close-focusing distance of 
0.45 meter in half a second. The Pentax 
SF1 focuses from infinity to 0.7 meter 
in approximately 0.3 second with a 
35-to-70mm lens, the company says. 
Tests in Japan have indicated that 
even long tele-zoom lenses on various 
AF SLRs can focus from infinity down 
to 1.8 meters in well under two seconds. 

Are the new AF systems speedier 
than manual focus? In manual mode, 
you often have the camera set for ap- 
proximate focus and need only do some 
fine-tuning. Even so, with a close-up 
subject and resulting shallow depth of 
field, this can be a demanding task, 
especially for older eyes. In some cases, 
a good autofocus system does better 
than a photographer can manually, 
unless he's extremely adept. 

To help photographers capture mov- 
ing targets, a number of SLRs offer 
two modes of autofocus operation: sin- 
gle (also called one-shot) and contin- 
uous. In the single mode, the camera 
locks in on the centrally located sub- 
ject and will not allow the shutter to 
be tripped until sharp focus is achieved. 
The intent is big brotherly—to save 
the photographer from wasting film 
on out-of-focus shots—and it works 
well enough with landscapes, still 
lifes, buildings, and other non-moving 
subjects. But it can be frustrating for 
action photography, where timing is 
essential. Using the single-shot mode, 
Henri Cartier-Bresson, famous for his 
spontaneous photographs, would have 
lost some of his greatest images. 

For action, then, choose the contin- 
uous mode, or switch to manual if that 
isn't available. When an AF system 
is in continuous mode (also called 
follow-focus), it will track a moving 
subject and allow you to fire the shut- 
ter at any time—whether or not per- 
fect focus has been achieved. 

Continuous-focusing AF cameras 
have little problem with a subject mov- 
ing across the line of sight, but they 
may not be able to cope with a sub- 
ject coming directly toward the cam- 
era or moving away from it, especially 
at shorter distances. There is a time 
lag on the order of '4 second between 
the moment the focus is set and the 
actual opening of the shutter. A mov- 
ing subject will leave the plane of 
sharpest focus during this delay. If the 
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POPULAR SCIENCE invited five workshop experts to name some unusual tools they wouldn't live 
without. Here are 10 of their personal favorites. 


o you have pet tools that are a 

bit out of the ordinary? That's 

what we asked five of our tool- 

savvy contributors. They did indeed. 
АП of them prepared lengthy lists, 
from which we winnowed 10 choices. 
Our participants are Richard Day, 

a Southern Californian who special- 
izes in plumbing and concrete work; 
R. J. De Cristoforo, a Northern Cali- 
fornian whose tool techniques articles, 
books, and videos are famous in the 
field; A. J. Hand, who has extensively 
enlarged his house in Connecticut; 
Thomas Jones, a Pennsylvania furni- 
ture maker and tool expert; and Iowan 
Phil McCafferty, a workshop profes- 
sional whose masterwork may be the 
"Ultimate Workbench" featured on 
last September's cover.— The Editors 


A. J. HAND 
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ROUTER 

Although I've had this tool for only a 
little over a year, it has already become 
a solid cog in the workings of my shop. 
Mounted upside down under my table- 
saw extension, it can turn out joinery, 
cabinet doors, and fancy millwork that 
were once possible only with an expen- 
sive and bulky shaper [Monster Rout- 
ers," Nov. '87]. 

Removed from the table, it is like any 
other router, but its plunge capabili- 
ties make it more convenient and ver- 
satile. How? Two quick examples: 1) 
It simplifies starting a cut in the mid- 
dle of your stock because you can place 
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the base firmly on your work first, then 
plunge the bit downward to start cut- 
ting. This is much easier and safer than 
lowering the whole tool under power. 
2) Plunge capability makes it possi- 
ble to use guide bushings and tem- 
plates for pattern routing, or for cut- 
ting mortises. (I constructed a simple 
jig for this.) 

There are quite a few good half-inch 
plunge routers around, but the Ryobi 
has the most convenient controls—and 
the best ргісе— Гуе found. 


THICKNESS PLANER 


The thickness planer is one of those 
tools you probably consider a luxury. 
Continued 
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But once you own one, you'll never 
want to do without it. I discovered this 
about five years ago when I got my first 
planer from Shopsmith. 

A planer is so quick and easy to use 
that I find myself running nearly every 
board I buy through it. Just a whisker- 
thin pass will remove the washboard 
surface left by commercial planers, 
plus dirt, stains, grade marks, and 
other minor blemishes. That pass also 
assures me that all my stock is uniform 


PHIL McCAFFERTY 


FOOT-INCH- 
FRACTION 
CALCULATOR 


For years I used one of those shortcut 
methods they teach you in school for 
adding and subtracting fractions. Then 
I started converting fractions to deci- 
mals and using a calculator. That was 
pretty easy because I memorized the 
decimal equivalents. But it was slow. 

Now I have a calculator that lets me 
tap in the feet, inches, and fractions 
just as I measure them. It's called the 
Measure Master-Plus fraction calcula- 
tor, and frankly, Га be lost without it. 

It instantly adds, subtracts, multi- 
plies, and divides feet, inches, and frac- 
tions of an inch down to 64ths, in any 
mix. And it functions as a regular cal- 
culator with memory, so I don't need a 
separate machine for standard math. 
For good measure, it also converts any 
displayed measurement from foot-inch 
fractions to decimal feet, inches, yards, 
or meters—even square and cubic mea- 
surements. It instantly calculates area 
and volume from any of those formats, 
and solves right-triangle calculations. 
This 3'»-ounce wonder rides in my 
pocket much of the time. 


SAFE-T-PLANER 
I confess to owning not one but two 
Wagner Safe-T-Planers. One fits on the 
arbor of my radial-arm saw; the other 
has a shank that chucks into my drill 
press. These are precisely machined 
aluminum-bodied tools about three 
inches in diameter; they have three 
nearly hidden hook-shaped high-speed 
steel cutters that will almost effortlessly 
plane away wood. 

I also confess to being lazy. And for 
a short run (planing, rabbeting, tenon- 
ing, panel raising, or making molding), 
in many cases I find it easier and faster 
to pop one of the Wagners onto the saw 
or drill press than to set up a planer, 
dado head, shaper, or some other tool. 

If you don't have those latter tools, 
the Safe-T-Planer makes even more 
sense. By using one with the head flat 
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(lumber commonly varies in thickness 
by as much as Мв inch), so my joinery 
is neater and stronger. 

The planer lets me buy rough-cut 
hardwoods at about the same prices 
I used to pay for pine, so I now do 
more work in cherry, maple, oak, and 
walnut. If I need some stock made 
thinner than the usual ?4 inch, I can 
produce it in minutes. I can also resaw 
stock, plane it smooth, and produce 
beautiful matched panels. 


I can surface-plane. Cutting with the 
edge gives me square-cornered rabbets 
and tenons. By tilting the head I can 
make moldings, raised panels, bevels, 
tapers, and decorative cuts. By plan- 
ing a tad here and there, a Safe-T- 
Planer is unmatched for truing up 
cupped or twisted boards. 


I still have my Shopsmith planer and 
would recommend it to anyone. But 
after trying the little Ryobi 10-incher, 
I think it's a logical choice for most 
home shops. It is light and compact, 
does an excellent job, and sells for 
about half what you'd pay for a big- 
ger machine. Its 10-by-5-inch maximum 
capacity is a couple of inches less than 
you'll get from more expensive ma- 
chines, but it's adequate for most 
home-shop needs. 


The tool is particularly good for 
working on short or thin pieces that 
might be difficult or unsafe to cut on a 
conventional power tool. Because of 
the way the Safe-T-Planer is designed, 
it is almost impossible, when it's used 
properly, for this accessory to grab 
workpieces or kick back. 


R. J. DE CRISTOFORO 
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POWERED 
HAND PLANE 


I use a powered hand plane for many 
routine, and some not-so-routine, wood- 
working chores. Example: The time I 
had to reduce the width of a number 
of 12-foot-long 2x4s. Ever try to plane 
the edges of 12-foot-long stock on a 
jointer? 

Then there was the time I had to fit 
a half-dozen doors. The powered hand 
plane is great for trimming any large 
workpiece. 

It is on my list of favorite tools not 
because it removes a lot of material in 
a single pass, but because it can be 
used with the delicacy required when 
only a smidgen is to be removed from 
the edges or ends of lumber, or from 


projects that are already assembled. 

Working on hard or soft wood, panel 
material, or particleboard, only the 
expert craftsman with a conventional 
hand plane can rival the results I 
get with my Sears Craftsman %з-һр, 354- 
inch powered plane. And he has to 
work a lot harder. 


CORDLESS 
SCREWDRIVER 


It isn't difficult to appreciate the 
advantage of driving and removing 
screws with power. All it takes is to 
have done those chores thousands of 
times with your fist gripped around a 
manual screwdriver. And with a cord- 
less power screwdriver I have the 
speed and convenience of power on a 
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roof or ladder, or in a crawl space, 
without trailing yards of extension 
cord. 

Some cordless drivers have an ad- 
justable clutch, so that heavy or light 
screws can be driven to precise depths 
without fear of damaging work sur- 
faces. That's a useful feature. But even 
the inexpensive drivers without fancy 
features can be excellent tools. 

The little Skil Twist, for example, 
looks and acts much like a conven- 
tional screwdriver—but with the speed 
and ease power buys. When I first saw 
it, I sneered: How could an itty-bitty 
battery-powered tool drive screws? (I 
remembered a battery-powered drill of 
a few years back that couldn't drive a 
quarter-inch bit into cream cheese.) 

I was wrong about the Twist, and 
now there's no going back. 

Continued 
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RICHARD DAY 


INSIDE PIPE WRENCH 


What do you do when a pipe breaks 
off inside a fitting, leaving a stub that's 
too short to grab with a pipe wrench? 
My threaded-plastic-pipe lawn-sprin- 
kler risers, for example, frequently 
break off down at the T-fitting in the 
ground. To remove the stub I reach for 
my inside pipe wrench. 

What's an inside pipe wrench? Its 
only moving part is a toothed eccen- 
tric cam that nests in a slot in one end. 
To use the wrench, you insert that end 
into the broken-off pipe. As you turn 
the inside pipe wrench (use an adjust- 
able open-end wrench), its little cam 
swings out and jams against the inside 
of the pipe. (For the photograph, the 
pipe is acrylic so you can see inside 
it.) Without much fuss you can thus re- 
move a broken-off pipe. 

You need one inside pipe wrench for 
each pipe size. Mine's a half-incher 
—probably the most generally useful 
size. l've had it for about 20 years. I 
don't use it often, but when I need it, 
nothing else will do. 


MAGNESIUM FLOAT 


If you're casting a concrete patio, side- 
walk, or driveway, you should add a 
magnesium float to your tool collection 
—even if you already own a wood float. 
It makes working with air-entrained 
concrete easier and quicker. 

The Portland Cement Association 
calls for using air-entrained concrete 
for all outdoor projects in climates 
where freezing and thawing occur, and 
strongly recommends it for other 
climes as well. This concrete contains 
an agent that makes billions of micro- 
scopic bubbles. When the mix hardens, 
these bubbles provide space into which 
freezing water can expand. 

But the bubbles also increase surface 
drag, so working air-entrained con- 
crete with a wood float tends to tear 
the surface, leaving a finish that is too 
rough for good cleaning. So you have 
to follow with a steel troweling. 

А magnesium float, however, glides 
over the surface, producing a neat, 
non-skid finish that is ideal for out- 
side surfaces—as is. You can skip the 
tedious troweling step. 


SOURCES AND PRICES OF THE PROS' PICKS 

Cordless screwdriver: Skil Corp., 4801 W. Peterson Ave., 
Chicago IL 60646 (price: $30); Fraction calculator: Calcu- 
lated Industries, 22720 Savi Ranch Pkwy., Yorba Linda CA 
92686 (price: $50); Half-inch plunge router: Ryobi Amer- 
ica Corp., 1158 Tower Lane, Bensenville IL 60106 (price: 
$326); Inside pipe wrench: Chicago Specialty, 750 Northgate 
Pkwy., Wheeling IL 60090 (price: $13); Magnesium float: 
Goldblatt Tool Co., Box 2334, Kansas City KS 66110 (price 
of 3l/4-by- 16-in. extruded model: $17); Powered hand plane: 
Sears, Roebuck and Co., Sears Tower, Chicago IL 60684 
(price: $98); Safe-T-Planer (Wagner): Gilmore Pattern Works, 
Box 50034, Tulsa OK 74150 (price of radial-saw model: 
$33; drill-press model: $30); Scroll saw: Delta Intl. Ma- 
chinery Corp., 246 Alpha Dr., Pittsburgh PA 15238 (price: 
$1,/00); Tenoner accessory: Delta Intl. (address above, 
price: $239); Thickness planer: Ryobi America (address 
above, price: $771) 
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THOMAS Н. JONES 


SCROLL SAW 


If I had to be limited to one—and only 
one—power saw in my shop, it would 
have to be a scroll saw. Of course I 
would hope to have a router too, and 
a bench-mounted belt or disc sander. 
With that combination, І can and have 
built furniture (including a Hepple- 
white roll-top desk). And years ago, 
with only a scroll saw, I cut the two- 
bys and ply wood for an addition to my 
house. 

The going would have been a lot 
faster with a table or circular saw, but 
the scroll saw is tops when it comes to 
versatility. Its blades can follow curved 
and squiggly lines through tighter 
curves than a band saw's. It can do all 
the intricate sawing vou would like to 
do with a saber saw but can't. 

With the proper blade and at the cor- 
rect speed уоп can saw through any 


cuttable material: mild steel, brass, alu- 
minum, plastic, veneer, ivory, even sea- 
shells. А scroll saw will accurately cut 
out small sheet-metal parts without 
leaving tin-snip edges. 

When it gets down to a particular 
scroll saw, I like the Delta 40-406. It has 
a 24-inch capacity, variable speed, and 
two-way table tilt. For fast work, it can 
be run as a saber saw; detach the over- 
arm, and the workpiece capacity is lim- 
ited only by what you can handle in 
vour shop. 


TENONER 
ACCESSORY 


А tenoner accessory for a table saw, 
on the other hand, is not at all versa- 
tile. It does only one thing: It holds a 
stick firmly while you saw the cheeks 
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of a tenon or cut an open mortise in 
the end. 

These can be touch-and-go opera- 
tions on a table saw without a tenoner. 
Safety is a problem because you have 
to operate the saw without the blade 
guard. And the hazard is made worse 
by the awkwardness of holding the 
wood vertically to run it through the 
blade. 

You can build your own tenoner of 
wood (I have made several), but a 
good, solid tenoner guided by the saw's 
miter-gauge slot lets you push wood 
through the blade for accurate, repeat- 
able cutting, with the work held sol- 
idly and your hands well away from 
the blade. 

The massive 27-pound weight of Del- 
ta's 34-172 tenoner makes it rock-solid 
on the saw table. It is my favorite. With 
two blades and spacer collars, I can 
do both cheeks of a tenon with one 
pass. 


Length, over all ssc „ol ft 
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You've heard about ultralight sailboats? Well, here's а 12-footer that's also ultra cheap and 


ultra easy to build, for solo or dual sailing. 


By PETER STEVENSON 
Drawings by Mario Ferro 


ries of boats the Stevenson crew 

hasdesigned for PoPULARSCIENCE 
in recent years, we decided to come 
up with a boat that combined the most 
appealing features of our best build- 
your-own sailing dinghies. 

A major design directive came from 
readers, who have often asked us for 
a small boat with true sloop rigging 
(mainsail and jib) instead of the la- 
teens we've featured on past designs. 

Then we were inspired by the new 
wing decks being fitted on the incred- 
ibly fast Italian lake boats. Crews of 
11 hike out on the wing decks of these 
ultralight unballasted 45-foot rockets. 
50 we developed our own scaled-down 


L ooking back over the popular se- 
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^ l1 STOCK KEEL, FULL LENGTH 
(allows sailing with dagger board up) 


version with wings that two people can 
comfortably hike out on. The result: 
our easiest-to-buy-for, easiest-to-build 
boat project. This time we used stays 
that allow a lighter mast, so we could 
use chain-link fence parts for the rig. 

This means you can make a single 
trip to a typical home center and come 
away with everything needed to build 
the boat from keel to mast top. We've 
even come up with jam cleats made 
from plastic pipe that really work. 
And that trip to the home center will 
run you under $275. 

Sails can be made in one afternoon 
with no sewing, using the tried-and- 
proven punched, laced, and taped 
method of our other sail plans. The 
mainsail is 72 square feet and the jib 
is 32 square feet, for a total of 104. 

Our crew agrees this is the easiest 
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(for top rail of 
chain-link fence) 


(gives temporary support of mast ZA 
| while shrouds and forestay are rigged) ——— 
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sailing boat we've designed. With a 
strong jib and fully battened mainsail 
for better sail shape (note the four ribs 
in the silhouette above), she really 
hauls. The mast rig slips apart into 
two sections so that no part of the boat 
measures over 12 feet. Her lightweight 
monohull has built-in lifting handles 
and tie-downs for easy car-topping, 
and the rudder raises when you pull 
forward on the tiller for easy beach 
launching. 

If you do manage to flip her, she'll 
float on her positive flotation tanks. 
With sails that can't get waterlogged, 
this means she can be pulled on her 
side to drain the cockpit, then righted 
and sailed away with no dry-out wait. 

Complete plans are $10 from Ste- 
venson Projects, Box 584, Del Mar, 
Calif. 92014. 05] 
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(for rigidity and 
flotation) 


PULL ON TILLER 
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FLOTATION BOX VENTS 
(plastic pipe drain plugs) 


DAGGER BOARD (raises through box) 
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cabinets 


Kitchen dinettes are often cramped for floor space. You can notch cabinets and a buffet/counter 
into adjacent space so that nothing projects into the room. 


By AL GUTIERREZ 
Lead photo by Brantley Photography 


ith a cramped dining area just off their kitchen, 
W the owners of this home wanted more space around 

the table. A headline in PoPuLARSciENCE [Dec. '85] 
caught their eye: "Need More Floor Space for Cabinets? 
Shove 'Em Through the Wall!” In the article, a dining 
room was enlarged by recessing china cabinets so their 
fronts were flush with the existing wall. 

The homeowners eyed their giant hutch and calculated 
it ate up 10 square feet of floor space. Why not bump it 
through the wall into the adjacent garage? 

But as they pondered their options, they realized they 
werent that fond of their outsized period piece. While they 
were at it, why not build new Scandinavian-style cabinets 
and a handy serving counter? You can judge the result on 
the left. With an approximately $700 investment in ma- 
terials, the homeowners built an addition that’s been es- 
timated as adding more than $1,800 to the value of their 
home. And the old hutch? They donated it to charity and 
earned a tax deduction. 

The new cabinets feature laminate surfaces for easy clean- 
ing, natural-oak accent trim, display areas with adjustable 
half-shelves, a lighted counter top, concealed hinges, and 
generous storage space in drawers and cupboards. 

After you’ve adapted the dimensioned sketch (next page) 
to your own situation, inspect the wall to be cut away. 
Turn off your electricity and water if any cables or plumb- 
ing runs must be rerouted. You should add a temporary 
header across the new opening before cutting away exist- 
ing studs and sole plate with a reciprocating saw. 

If you're notching into an unfinished unheated area such 
as a garage, you can minimize the mess by stapling poly- 
ethylene across the gap and working from the back. You'll 
most likely need an elevated platform to bring a garage 
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By banishing a bulky china cabinet 
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Apply laminate to cabinet edges by 


floor up to the level of the finished floor inside the house. 
Dont forget to insulate the floor, walls, and ceiling of the 
alcove you create. (If you are bumping the cabinets into 
an adjacent living space, see the earlier article for tips on 
how to treat the back wall.) 

Construct the upper and lower cabinets of plywood. 
(Check the materials list below the sketch.) To cut re- 
quired dadoes, use a router equipped with a 34-inch straight- 
face bit and make a T-square-type straight edge to guide 
the tool. Cut rabbets with a rabbeting bit equipped with 
a pilot guide. 

After assembling with glue, dowels, and finishing nails, 
paint the cavities of both cabinets to suit; the back of the 
display cabinet should be the same color as your room's 
walls. Do not cut the oak door and drawer trim to length 
until you have laminated the particleboard core. Cut the 
laminate in oversized strips and apply to all edges first. 
When the adhesive has set, rout the laminate flush with 
a trimming bit. Use a flat file to square inside rounded 
corners. 

Install the upper cabinet with countersunk wood screws 
into the alcove studs. Drill holes for shelf pins and install 
the adjustable shelves. Then apply the back-splash tile 
with an adhesive before installing the lower cabinet. 

All doors are mounted with European-style hinges, avail- 
able at specialty hardware stores and through mail-order 
catalogs. Drill the recesses for these hinges with a 1°%s-inch 
Forstner bit. For best alignment, attach pulls after doors 
are hung. 
PARTICTIPATING MANUFACTURERS 
The fallowing manufacturers participated in this project: Glazecraft flooring tile, adhesive: 
Armstrong World Industries, Box 3001, Lancaster PA 17604; new steel panel door to ga- 
rage, lumber: Knox Lumber Co. (subsidiary of Payless Cashways). 801 Transfer Rd., St. Paul 
MN 55104; power tools: Wen Products, 5810 Northwest Highway, Chicago IL 60631; sheet- 
rock panel, Durabond wallboard joint compound: USG Corp., 101 South Wacker Dr.. Chicago 


IL 60606-4385; stain: Minwax Со., 102 Chestnut Ridge Plaza, Montvale NJ 07645; Wilson- 
art laminate, adhesive: Ralph Wilson Plastics Co., Box 6110, Temple TX 76503 


S 


Rout decorative inner edges on oak 


(top left photo, facing page) and replac- 
ing it with sleek recessed cabinets and 
serving counter, floor space for the di- 
nette set was opened up. 


first cementing the center rail strip, 
next the stile strips, then the other rail 
strips—using slip sheet of wax paper, 
as shown, to ensure alignment. 


Turn the page for cabinet plans 


frames for display doors after frames 
are assembled but before glazing is set 
into rabbets on back. Drill for con- 
cealed hinges as explained in text. 
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3" X ^ DEEP CENTRAL DOWELS SUBFLOOR — 2X4s E di FLOOR 
DADO DETAIL 1 DIVIDER DETAIL2 TYPICAL DETAIL 3 TYPICAL dI 
ALL JOINTS SECTION VIEW — 1 
Oak pulls 16 9-in. Armstrong Glazecraft floor tile 
MATERIALS LIST Hidden hinges 24 (Ginger 54416) with 1-qt. Armstrong 
ITEM QUANTITY 16-in. drawer slides 4 sets S-140 Glazecraft wall tile adhesive 17 tiles 
12-ft. 2* 6 pine 1 lg x 1158 х 1934-in. Plexiglas 4 pieces Miniwax Polyshade stain (Antique 
10-Н. 254 pine 24 lóg-in. x 4 ft. x B ft. Wilsonart laminate Walnut 340/450) 1 qt. 
4/4-in. А-В plywood 3 4x 8-ft sheets (Light Beige 1531-6) 3 sheets ; Be. 
l2-in. oak plywood 4 x 4-ft. sheet Lokweld 270 contact adhesive 2 qts. Miscellaneous items: 16d common nails; 4d and 8d galva- 
Y8-in. particleboard 4 x B-ft. sheet USG Sheetrock (4 x B ft.) 7 sheets nized finishing nails; 1'/4-in. brads; subflooring and under- 
la4-in. pl 2 4xB-ft.sheets No. 10 х 214-in. flathead wood screws 30 layment; matching floor tile with adhesive; 14 «2-in. 
6-ft. 1х4 pine 1 No. 10 х 1 !a-in. flathead wood screws 6 dowel pins; insulation and vapor barrier; wallboard nails and 
8-ft. 1» 3 oak 9 No. 8« 11/4-іп. flathead wood screws 16 tape; Durabond wallboard joint compound; fluorescent light- 
8-ft. 1« 2 oak 8 No. 8 х 3-in. flathead wood screws 6 ing; corner channel and caulk 
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. Space-saving 


staggered 
stairs 


Alternating half-treads let you climb in half 
the floor space—with greater safety. 


By AL LEES 


y first sight of a Lapeyre stair was a jolt. With 
stringers twice as steep as those for conventional 
steps, it looked like a cross between a staircase 
and a ladder. 

But once Га gone ир and down it, I saw that it made 
sense. Who needs a full-width tread for each step? You 
dont put both feet on each tread—unless you're very young 
or very old. For most of us, half the stairway is wasted 
every time we use it, and the necessity of spacing out all 
those full treads extends a stairway far into a room. 

By adding a third stringer at the center and clipping 
each tread in half, a Lapeyre stair can stack steps much 
more compactly. The unexpected bonus is safety. Though 
you're climbing the same height, you're covering less 
ground; you're likely to maintain a good grip on both rail- 
ings. Dashing up and down stairs—the cause of most 
tumbles—is discouraged. And your footing is surer since 
each foot travels a straight, direct path, with less slip vector. 

Your first impulse when confronted with a stair rising 
at 56 degrees (instead of the usual 35) is to think you 
cant carry anything up or down. In fact, since your feet 
needn't arc around the skipped tread of a conventional 
stair, each foot comes down more solidly in the center of 
its tread; your balance is better maintained. Though you'll 
normally grip the handrails (as in the photo), you can 
climb or descend with both hands full. Carrying on a 
Lapeyre is far easier than carrying on a spiral stair. 

Each stair is custom-fabricated to the customer's order, 
then is shipped ready to assemble, with full instructions. 
Heights range from two feet ($320) to 12% feet ($610 
with a fir handrail assembly; $940 in oak). For more in- 
formation, write Lapeyre Stair, Box 50699, New Orleans, 
La. 70150. The company also makes 68-degree stairs in 
aluminum and steel stairs in both 56- and 68-degree 
models—but these are mostly for industrial and marine 
applications. Lapeyre started with aluminum stairs, welded 
into one unit with cast treads; they're light and corrosion- 
resistant, ideal for outdoor exposures. Later the company 
added the steel line, which is adaptable to virtually any 
situation; these units are finished in a standard gray 
primer or an industrial yellow—or they can be hot-dip 
galvanized. 

The wooden stairs are the newest addition, bringing the 
Lapeyre concept, at last, into the home. Stringers and 
treads are dovetailed and glued for the strength and fin- 
ished look of fine furniture. They're shipped smoothly 
sanded for finishing to match your room decor. 
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56° STAIR SAVES 
48% FLOOR SPACE WITH 

.— IDENTICALRISER-TREAD 
RATIO (7.2:10.5) 


CONVENTIONAL 
STAIR 


Е — 3103" БАЈЕ Ы 


Custom-built La- 
peyre stair in 
photo gives ac- 
cess to a loft. 
The homeowner 
wished to cover 
as little of the 
window wall as 
possible. A 9-ft.- 
tall conventional 
stair would ex- 
tend over 12 ft. in- 
to the room, as dia- 
gram indicates. 
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The chemical preservatives we use to keep wood-eating bugs and wood-rotting fungi at bay 
can be hazardous to animals, the environment—and us as well. Now riding to the rescue is 
a safer wood preservative based on an old familiar mineral: borax. But chemists still have a 
problem to solve: The stuff leaches out when the wood soaks up water. 


By DON BEST 
Drawing by Roy Doty 


ana, fell seriously ill after building picnic tables from 

lumber that had been treated with chromated cop- 
per arsenate (CCA), the preservative that gives wood that 
familiar greenish tint. After tests showed elevated levels 
of arsenic (a component of the preservative) in his hair 
and nails, Sipes sued 28 companies associated with the 
production and sale of the treated wood. Twenty-six set- 
tled out of court, paying Sipes $667,200; the others went 
to trial—one lost the case. 

In Florida, Jennings Murrhee, the Clay County sheriff, 
replaced sections of a horse corral with CCA-treated lum- 
ber. Soon three of his quarter horses sickened and two 
died. Autopsies concluded—to the satisfaction of the jury 
—that the horses’ deaths were caused by the wood preser- 
vative. (The beasts had gnawed the wood.) Murrhee was 
awarded $60,000 plus costs. 

We use wood preservatives—a billion pounds a year—to 
protect lumber from termites, carpenter ants, powder-post 
beetles, and wood-rotting fungi. Unfortunately, these chem- 
icals also can be toxic to humans and animals. So some 
scientists and environmentalists are insisting that we re- 


i ames Sipes, a U.S. Forest Service employee in Indi- 


weigh the benefits against the risks. Might that foretell a- 


day when we have to hand over our wooden fences, decks, 
docks, and sill plates to our wood-devouring enemies? 

Maybe not. In their quest for safer alternatives, research- 
ers have come across an old friend: borax. This familiar 
mineral has proved to be effective against most wood- 
rotting fungi and wood-destroying insects; and it appears 
to be harmless to humans and animals. 

Current borate treatments have a fundamental drawback, 
though. They leach out ofthe wood with prolonged exposure 
to water. But researchers are working on the problem. 

"I think borate will be the wood preservative of the nine- 
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ties," says Dr. Robert Bianchini, a research chemist at 
United States Borax & Chemical Corp. and a leader in 
the quest for borate lumber treatments. 


Where we are now 


Three compounds— creosote, pentachlorophenol (penta), 
and inorganic arsenicals (primarily chromated copper 
arsenate)—account for 97 percent of the wood preserva- 
tives we use. Responding to mounting evidence that all 
three can cause cancer, birth defects, and other serious 
health problems, in July 1984 the U.S. Environmental Pro- 
tection Agency announced a ban on their consumer use, 
to begin in February 1985. Industry challenges led to a 
postponement of the ban, but by early 1986 you could no 
longer buy buckets of these preservatives at a paint store. 
(Industry efforts also resulted in the introduction of sev- 
eral new preservatives that you are able to buy by the 
can. Among them are zinc napthnate, copper napthnate, 
and tributyltin oxide: all deemed to be less toxic than 
creosote, penta, and CCA [“Wood Preservatives,” April '85]. 
But they aren't as effective either, and they certainly are 
not free of environmental risk.) 

Consumer use of wood products that have been com- 
mercially treated with CCA, penta, and creosote was barely 
affected by the EPA's 1986 regulations. The treatment com- 
panies did agree to conduct a consumer-awareness pro- 
gram to instruct consumers on how to use treated wood 
safely (see sidebar, CCA: How to Minimize Your Risk). 


Beautiful borate 


Borate treatments could replace penta, creosote, and 
CCA (which is the chemical in 95 percent of the preserved 
lumber we buy) for commercially treated wood. They could 
also be formulated into brush- and spray-on compounds 
that you would be able to buy in a paint store. 

Boron, the key element, comes from calcium borate and 
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On the prowl for a non-leaching borate, Dr. Robert Bianchini 
(above), research chemist with U.S. Borax, triggers a chemi- 
cal reaction called acylation to impart water repellency to a 
flask full of wood chips. The goal is to enable the wood itself 
to shield its borate treatment from leaching. Treated wood 
slice on his right is red because it was sprayed with a 
reagent; borate treatment leaves wood its natural color. A 
four-minute borate bath makes freshly cut yellow pine 
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timbers for Real Log Homes unappetizing to wood-eating 
insects and fungi (top right). After logs are dipped, the 
borate diffuses slowly into the wood. Samples of treated 
2x4s (above) were sprayed with color reagents that react 
with boron to show the diffusion process. Piece at left was 
photographed one week after dipping; the next piece after 
two weeks, and so on. After six weeks (right), the borate 
permeates the entire cross section, even the heartwood. 
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sodium borate. Deposits of these minerals occur in many 
spots in the world—most notably in Death Valley, Calif. 
From that scorching desert late in the last century, the 
famous 20-mule teams hauled wagonloads of processed 
borax 165 miles to the nearest railroad. The mule teams 
became the symbol of the borax industry and a registered 
trademark of U.S. Borax. (You also may recall them strain- 
ing across a black-and-white TV screen in an old series 
called Death Valley Days—whose one-time host we now 
call President Reagan.) 

Borax, or sodium tetraborate, is used in hundreds of 
products, from laundry additives to fiberglass to fertiliz- 
ers to eyedrops. Boron compounds are also well-known in- 
secticides. One reason roaches don't check out of Roach 
Motels is the boric acid they meet with when they check in. 

They are not new as wood preservatives either. “Вогоп 
compounds were first shown to be toxic to wood-destroying 
organisms more than forty years ago," says Bianchini. 
"They found use in Australia, New Zealand, and Europe; 
but the U.S. and Canada turned to cheaper alternatives." 

Researchers are not sure why borates are toxic to bugs 
and some fungi but not mammals. Their strongest theory 
is that the critters literally starve to death. "We know it 
affects the protozoa or bacteria in the insects' guts, and 
we think it inhibits the production of enzymes that break 


down their food," explains Lonnie Williams, principal en- 


tomologist with the U.S. Forest Service in Gulfport, Miss. 
Borate may affect fungi similarly, “inhibiting the enzymes 
that enable fungi to break down the wood," he postulates. 

U.S. Borax is the first American company out of the 
starting gate with a commercial borate product — Tim-Bor 


(Shop testing Терон wood 
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—that's registered as a wood preservative with the EPA. 
Before year's end, Kerr-McGee Chemical Corp. and AZ- 
Bor Corp. will offer borate compounds of their own. 


More good news 


In addition to being relatively safe, borate wood treat- 
ments beat the competition in some other notable ways: 

e They leave wood clear and dimensionally stable. (CCA- 
treated lumber has a distinctive gray-green color and tends 
to warp and crack.) 

e They penetrate all the way to the heartwood. (Using 
the standard pressure-treatment technique, CCA pene- 
trates well in southern yellow pine and lodge-pole pine, 
but less well in Douglas fir and western hemlock, accord- 
ing to Koppers Co., owner of the "Wolmanized" trademark 
for CCA-treated wood.) 

€ They impart a measure of fire resistance to wood. The 
higher the borate concentration, the more fire-retardant 
the wood becomes. 

"Borates will make it possible to preserve safely every 
wooden component in a home— studs, trusses, plywood, 
moldings—even the furniture in the nursery," predicts 
Williams. "That means we could protect homes from ter- 
mites without using toxic soil treatments." 

Many of borate's advantages stem from the fact that it 
is water soluble. Thus it penetrates into green wood when 
the wood is immersed in a warm bath of the solution. No 
pressure treatment is needed. 

Real Log Homes of Hartland, Vt., treats the logs that 
go into its kit houses with the dip-diffusion method. At 
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PHOTO BY PHIL McCAFFERTY 

| Next | tried sawing the Timborized and the 
CCA-treated wood. Using a sharp carbide 
blade on my radial-arm saw, both woods cut 
beautifully; there was little difference in the 
effort required to feed the cuts. Workability 
of the two was also similar when | switched 
to a circular saw (with a carbide blade), a 
reciprocating saw, and finally to a band saw. 

Then | grabbed a drill and chucked in a 
1V2-inch spade bit. Shavings from the CCA- 
treated timber seemed a bit more stringy, but 
there was little difference in the effort required 
or in the smoothness of the holes. 

Both treated woods also rasped and sanded 
well, but | did detect slightly more loading of 
the rasp teeth and the sandpaper with the 
borate-treated wood. This might have been 
unrelated to the borate treatment: Possibly 
my borate sample was simply a more resin- 
ous species of wood. 

Finishes, both surface and penetrating, be- 
have on borate-treated wood much as they 
do on CCA-treated wood. (Both are less ab- 
sorbent than raw wood.) А penetrating oil 
finish, an alkyd enamel, and enamel from a 


Borate proponents claim that the treatment 
does not affect the wood's color or diminish 
its strength, is not corrosive to most metal 
fasteners, does not affect paint or coatings 
when they are applied properly, or make ma- 


| chining and gluing difficult. 


The editors of PoPuLAR Science asked me 
to check these claims, and to compare the 
working characteristics of borate-treated wood 


| with those of the familiar greenish-gray wood 


that is pressure treated with chromated cop- 
per arsenate (CCA). 
Since borate boards aren't available in lum- 
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beryards yet, | got samples of 2 x 4s, 4 x 4s, 
1 x 45, and2 x 6sfromU.S. Borax, makerofthe 
borate wood preservative called Tim-Bor. 

The Timborized samples were a natural 
wood color, as promised. (Note in the photo 
the yellow Timborized 4 x 4 on the left com- 
pared with the greenish CCA-treated 4 x 4 at 
right.) 

To test the claim that borate-treated wood 
is noncorrosive, | drove common steel fas- 
teners into some samples and set them out- 
side in the summer sun and rain. After three 
weeks | found no evidence of corrosion. 


spray can all went on well. 

| ran glue tests on the borate-treated sam- 
ples using white glue, hide glue, and epoxy. 
| made lap joints and followed glue-package 
directions for clamping and curing. After the 
specified curing time | put one leg of each 
assembly in my vise and hit the other with a 
hammer. With all three glues, the wood itself 
broke before the glue joint. 

My overall conclusion: Without the color 
clue you'd never know whether you were work- 
ing with CCA-treated wood or a borate-treated 
cousin.—Phil McCafferty 
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coupon below. Or, if you prefer, 

call toll-free 1-800-321-2155 
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For your convenience, we'll try to 


^ CIEMAKES THE WORLD б" 
. OF ELECTRONICS YOURS. 


ty Today's world is the world of elec- 4K RAM Microprocessor Training 
|, tronics. But to bea part of it, you Laboratory, for example, trains you to 
need the right kind of training, the work with a broad range of com- 
kind you get from CIE, the kind that puters in a way that working with a 
can take you to a fast growing Career single, stock computer simply cant. 
in business, medicine, science, 


government, aerospace, rsonalized 
communications, and more. training. 
cialized You learn best with flexible 

training. training, so we let you choose from 

You learn best from a specialist, a broad range of courses. You start 

,  andthat's CIE. Мете the leader with what you know, a little or a 

^ in teaching electronics through lot, and you go wherever you want, 

* independent study, we teach only as far as you want. With CIE, you 


м electronics and we've been doing m SS IE салы н SS ee SS INE I WM 


it for over 50 years. You can put | | 
"* that experience to work for you C | Cleveland Institute of Electronics 
1776 East 17th St. , Cleveland, Ohio 44114 


к> just like more than 25,000 CIE 
students are currently doing YES! I want to get started. Send me my CIE school catalog including details about 


the Associate Degree Program. I am most interested in: 


›- all around the world. L] computer repair [ ]television/high fidelity service 
[ ]telecommunications [ ] medical electronics 
=a "hractical О robotics/automation C broadcast engineering 
"e [ lother 
| training. - - 
,.. You learn best with practical training, 
so CIE's Auto-Programmed? lessons ن‎ À 6€ à 
" are designed to take you step-by-step, бы — آ‎ 
sa  principle-by-principle. You also get Mi o Ue РЕР NO. 


valuable hands-on experience at every 
`> stage with sophisticated electronics 
i> tools CIE-designed for teaching. Our 


Check box for G.I. Bulletin on Educational Benefits 
! 
LI Veteran [ ] Active Duty MAIL TODAY! 


| Print Name Е 
і 


its mill site in State Road, N.C., a fork- 
lift truck hauls freshly cut yellow pine 
logs and dumps them into a hot bath 
containing U.S. Borax’s Tim-Bor, 
sodium-borate compound with fungi- 
cides to prevent surface molds and mil- 
dew (which borate doesn't inhibit). 

After a four-minute soaking the logs 
are removed from the bath, set on 
racks, and covered with tarps. There 
they are stored for four to eight weeks. 
"During this time the borate moves 
from the surface to the center of the 
wood by using the moisture in the 
lumber as a vehicle for osmotic diffu- 
sion," Bianchini explains. 

"This dip-diffusion process treats the 
whole cross section," adds Robert Hill- 
yer, general manager of the mill. “So 
if the wood cracks, or if you cut it dur- 
ing construction, the part that’s ex- 
posed is still protected.” 

Hillyer says all five of his compa- 
пу'в mills have adopted borate treat- 
ment because it is safe and protects 
better than the brush-on treatment 
the company previously used. It also 
may be cheaper. 

“Though it's too early to know for 
sure, I believe borates will come in 
considerably cheaper than penta and 
CCA,” Hillyer says. "The base chemi- 
cals are cheaper, the capital costs are 
less, and you can do the treatment 
right at the mill site. Also, you avoid 
all of the health and environmental 
costs—including possible lawsuits 
—that stem from the use of chemi- 
cals that are highly toxic to people." 

Borate also can be applied to dry 
wood. Pressure treatment is one ef- 
fective method. But brush- and spray- 
on products are in the works, too. “It’s 
been proven dramatically that borate 
can penetrate dry wood when it is mixed 
with certain glycols and is brushed 
on," Hillyer says, “and also that it 
stops the wood from deteriorating.” 


How good? 


Williams and his collaborators have 
been testing borate-treated wood to see 
how well it holds up. “In one test, we 
hauled a termite-infested log from the 
woods and cut it in half,” Williams re- 
ports. “We put half in a garbage can 
with five borate-treated boards, and 
the other half in another can with five 
untreated boards. After six months the 
untreated wood was heavily damaged; 
the termites in that can were healthy. 
The borate-treated wood showed only 
slight damage, and the termites in 
that can were dead.” 

He and his teammates are also gath- 
ering data from Australia and New 
Zealand. “Three out of every four homes 
built in New Zealand today are built 
with borate-treated lumber,” Williams 
relates. Some encouraging news on 


90 | POPULAR SCIENCE 


Building with borate Continued 


the long-term effectiveness of borate 
comes from there: When a 25-year-old 
house made of borate-treated wood 
was investigated, technicians found 
that it still retained its protection. 

“Our job here is to develop treat- 
ments appropriate to our climate and 
for American woods,” Williams points 
out. To help accomplish this, he some- 
times takes his show on the road. 
Equipped with a small-scale borate- 
treatment plant mounted on the back 
of a truck, he traverses the South, 
from sawmill to sawmill, like a latter- 
day Johnny Appleseed. The purpose 
of these expeditions: to gather field 
data and to demonstrate the new tech- 
nology to mill operators. 


Now the bad news 


Though borates appear to be harm- 
less to animals, they are not entirely 
benign in the environment. “Borates 
are pretty good herbicides,” reports Dr. 
Richard Jewell, a scientific specialist 
in the research and development de- 
partment of Weyerhaeuser Co. “Never- 
theless, it’s the safest wood preserva- 
tive I know of,” he adds. 

But it is borate’s solubility in water, 
which gives it many of its advantages, 
that is also its Achilles’ heel. “Once 
you get it in the wood, it can come 
back out if the wood is exposed to too 
much water,” Jewell explains. Thus 
current borate treatments are not rec- 
ommended for wood that will be ex- 
posed to the ground or water. Indeed, 
for all exterior use, borate-treated 
wood must be protected with a water- 
proof coating. 

Many researchers, including Dr. 
Terry Amburgey, professor of wood sci- 
ence at Mississippi State University, 
believe that the leaching problem can 
be solved. “Even with current prod- 
ucts, it isnt that severe," he states. 
“Гуе had borate-treated logs out on 
test racks for five years, and they show 


no signs of leaching. Even so, I’m op- | 


timistic we can improve the water- 
repellent characteristics.” 

U.S. Borax, Kerr-McGee, and AZ- 
Bor all have second-generation prod- 
ucts in the works designed to fix bo- 
rates in the wood. One tack chemists 
are taking is to add acrylic polymers 
to the brew. “Polymers diffuse into the 


wood, polymerize in place, and form | 
a barrier against water,” Amburgey | 


reports. 

Another approach is to chemically 
modify the cellulose in the wood so 
that it can seal in the borate. US. 


Borax is attempting that with a pro- | : 
рипв 3 | strictions because these products are more 


cess called acylation. “Ап acyl is a 
chemical functional group found on an 
organic molecule," Bianchini explains. 


"Acylation is a process by which an 


acyl group is added to another mole- 


| ССА: How to 


cule." The result is that the cellulose 
itself becomes more water repellent. 

Georgia-Pacific Corp., MacMillan 
Bloedel, and other companies are 
screening borates as a constituent in 
plywood, particleboard, and other 
manufactured wood products. Weyer- 
haeuser is conducting lab and mill 
tests to evaluate borate treatment for 
dimensional lumber. 

When will you see borate boards in 
your lumberyard and borate preser- 
vatives in your paint store? "There 
will probably be some lumber prod- 
ucts available, most likely in warm cli- 
mates, some time this year," predicts 
Jewell. Bianchini agrees, and guesses 
that borate preservatives will be avail- 
able by the bucket maybe two years 
down the trail. Gs) 


minimize your risk 


At least until borate-treated woods reach your 


lumberyard (and for some applications, per- | 
| haps long after), your best woods for outdoor | 


projects are still the old standbys: redwood, 
cedar, and wood pressure treated with chro- 
mated copper arsenate (CCA). 

CCA-treated wood accounts for 95 percent 
of the preserved-wood products sold to con- 
sumers. Koppers, which licenses the popular 
Wolmanized brand, staunchly defends the 
safety of the product. "After a six-year re- 
view, the EPA agreed that CCA-treated lum- 
ber is safe even for frequent-contact use and 
for use inside homes," says Koppers spokes- 


| man James Moran. It is not to be used for 


counter tops, cutting boards, or beehives, 
however, or to hold animal feed or water. 

In a compromise agreement with the EPA, 
the wood-treatment industry agreed to edu- 


| cate consumers on the safe use of treated 


wood. Consumer information sheets outlining 
the dos and don'ts must be available wher- 
ever treated wood is sold. 

Topping the list of don'ts: Never burn CCA- 
treated wood. CCA forms strong chemical 
bonds with wood, but the bonds break when 


the wood burns. it is not the smoke that is | 


hazardous; it is the ashes. "The toxic chemi- 


cals, which include arsenic, are heavy met- | 


als," explains Moran. “Our tests show that 
they are too heavy to become a part of the 
smoke. But they are down there in the ashes. 


If people breathe too much ash or remove — 
the ashes with their hands, they could be- 


come poisoned with arsenic." 

Other precautions: 

e Saw pressure-treated wood outdoors and 
wear a dust mask. 

e Wash thoroughly before eating, drinking, 
or smoking. 

e Wash work clothes separately from the 
rest of the laundry. 

Consumer information sheets are available 
for creosote and pentachlorophenol-treated 
lumber, also. They outline more stringent re- 


hazardous. Look for all of these instructions 
(they must say, "Approved by the U.S. Envi- 
ronmental Protection Agency") when you buy 
preservative-treated wood.— Elaine Gilmore 
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NN hafs New at “The Source” of the 


electro-mechanical components 


AMERICAN DESIGN COMPONENTS? for the hobbyist 


3%", 20 Mb, * k T << жоор eel 14” ЕСА COLOR 
HALF HT. Timex-Sinclair. . . (25 Khz. | | 
tato Doc отме EA i com V e 


PRINTER NG 


е warehouse 60,000 items at 
| American Design Components — 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
original cost! 

You'll find every part you need — 
either brand new, or removed from 
equipment (RFE) in excellent condi- 
tion. But quantities are limited. Order 
from this ad, or visit our retail show- 
room and find exactly what you 
need from the thousands of items on 


display. 
speed, low power. Comes w/both | 
OPEN MON. — SAT., 9-5 ht eni Weak ve несы: istis: standard 4%” thermal paper. TESTED GOOD! 


T B if: — Lapine #L7200/2000 кет #15851 $39.95New Item #15852 $39.95 
sinter gS vi es кет #15853 $199.00 ue. |X ж ж * ж ж Ж 


* 32 column. Compatible w/any Contains 16K built-in memory. 


Timex Sinclair computers as well Will run ай TS-1000 & compat. 
te as our PC8300 Computer. Uses programs. Customer returns — 


Requires a | 
25Khz EGA card ('Wonder' or com- 
patible). Resolution: 752 x 410 
* max. Input: 110/220V, 50/60Hz, 
BOW. (Hook-up diagram incl.) Mtd. 
in metal housing. Mfr. #14-GZF2 


кет #14864 $179.00 мем 


| Fits standard 54" spacing. High 


| BLOWER 


a 


any purchase can be returned for 115 СЕМ 55 RPM SATELLITE [160 CFM MAGNIFYING — 7 
апу геазоп їог {чі сгейй MUFFIN? ; POSITIONING MOTOR |CENTRIFUGAL LAMP Pdl 
FANS — _ „| 


Mindset“ Color Graphics 
Personal Computer System 
(Does not include monitor) 
Runs al i mE 

the same = 


115VAC/60Hz.; 21W.; 28A.; 
3100 RPM; 5-blade model; alu- 
minum housing. Can be mounted 
for blowing or exhaust. 
Dimensions: 444" sq. x 115" deep 
NEW — Mfr: IMC 

пет #1864 $12.95 


USED — Mfr: Centaur/Howard 


Item #5345 $5.95 


[OPEN FRAME 
MONITORS. . . 


115VAC: 
60Hz.; 
2.2 amps. 
3000 RPM. Flange mount. 

Outlet: 3" x 3%"; Inlet: 4% " dia. 
Dim.: 83% “H Xia W x 8'4"D 
Mfr — Fasco 50755 or equiv. 
item #5152 $10.95 pre 


COMPUTER GRADE 
POWER SUPPLY 


P ) 
Multi position, ЗО”, gi 
completely adjustable 

| swing arm w/3-way metal C-clamp. 
Has 4" diopter magnifying lens, 
w/ruler. Porcelain lamp socket, & 
on/off switch; uses up to a BOW 
bulb. Color: Beige. UL listed. 


кет #13136 $24.95 мем 
MINI 
VACUUM PUMP 


Reversible capacitor induction 
motor. 115V/60 Hz., ЗО in./Ib. 
torque. 14W. Front flange mount 
OA Dimensions: 3'4 "Dx 5"L 
Shaft: "OD x 1"L 

Mfr — Matsushita or equiv. 


item #5149 $9.95 nrc 


Fast graphics capabilities allow you to 
draw/animate & color objects instantly. 
265K, w/360K floppy disk drive. Contains 

| built-in RGB Card/Monochrome Card, & TV 
| adapter. Also includes: Mouse & Joystick, & 
is supplied w/GW Basic & MSDOS 2.1. 


кет #16077 $299.00 new 
Accessories Available (limited supply): 
* NV Ram 8K Cartridge 
Provides 8K non-volatile RAM. 
пет #16078 $29.95 мем 


ж RS-232 Module w/Power Option 
Provides EIA standard RS-232-C serial inter- 


face. jtem#16080 539.95 мем 
di einen) о 


ADAM COMPUTER 


Other uses-runs CB & car radios. 
Comes ready to plug in! 
DC Output: -5V (9 .5 amp. 
* 5V @ 3 amp. 
+12V @ 6 amp. 


Motor-driven pump. 

115V, ВО cycle, 2.2 amps. 

| Strictly vacuum: .5 CFM, 22 to 
23 lbs. mercury. 

Dimensions: 7"L x 3%" dia. 


Produces up to 33 PSI. For air 
brush, paint spraying, tire & mat- 
tress inflation. 115VAC, 50/60 Hz. 
Capacitor-run motor. 


Dimensions: 4%” dia. x 8%" long | Input: 115V/60Hz. Dimensions: 
Mfr — Thomas Industries 9'4"W x 354^ H. (Rubber ft. incl.) | Mfr — Gast #MOA-V110-AE 


_ Item #64 $29.95 pre | item #9501 $24.95 new | пет #15919 $29.95 New 
Lead Acid Batteries — ТТА АСАЛ BEES 12У BATTERY PACK 
Rechargeable, Seed compet, Your Requirements а, MATING CHARGER 
ife : b, WATER) | 12V @ 9.5Ah 


life and durability. Perfect as port- 
CHEMICAL PUMP 


15" High-Res. Composite 
Green phosphor. Bandwidth from 
10Hz to 30Hz. Operating volt.: 
110V. 60Hz. 

кет #10044 $34.95 мем 


12” High-Res. TTL 
12VDC, Green phosphor. Comes w/ 
| transformer. (Hook-up diagr. incl.) 


нет #6811 $19.95 New 


VACUUM PUMP & 
MOTOR 


able packs for use with robotics, 
model cars, trains, etc. 


12V 
e 
15Ah 


plugs together). wet 
Hook-up diagram included. Incl.: Keyboard, 
1 cassette digital data drive, 2 game control- 
lers, power supply, & one cassette. Capable 
of running CP/M, has built-in word processor. 


Кет #7410 Complete - $99.00 |. м 


ADAM Accessories... 

Adam 5'A" Disk Drive — 

Gives your Adam fast, reliable data storage & 
| retrieval. Can hold up to 160K bytes of infor- 
mation. Uses industry-standard SS/DD disks. 
Connects directly to your Adam memory 

| console. Comes w/disk drive power supply, 
id bir dora pu ТОРЕ s manual. 

Mfr — Coleco A 

| пет #12830 Like New — $199.00 


| Data Drive — кет #6641 $19.95 
| Printer Power Supply — 


Dim.: 7.12". ` | 

x 2.99"H x 6.57”Н. Bolt terminals. 
Mfr — Yuasa, type NP15-12 n а 

х ог USE їп pumping vvater/cnemi- 

кет #12277 $24.95 мем | оар Оры DD 
12/24V @ 15Ah 30ft. head; max. head 50 ft. Pump is 
Tab terminals. Mfr — Eagle-Picher, | supplied w/¥ HP motor, 115/230V 
#CF24V. Item #12281 


50/60Hz. Thermally protected. 
SALE — $24.95 New 


Inlet: Aa" L x 6" dia. x 5% "Н 

Mfr — SEI #12895-002 

* Due to weight of batteries, 

Mfr-Gast 0040-V119 (oilless) & GE | add $5 (U.S) or $10 (Canada) to | "ет #9983 $59.50 мем | OA Dim.: 44°Wx5%"Hx5%"D 
regular shipping charges. 


item #5327 $39.95 pre | or 2 tor $100.00 | item #14619 $29.95 мем 
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM 


Usable for vacuum or pressure 
application. 4 CFM/15 PSI max. 
15" cont., 28" intermittent. 
Pump is directly coupled to a GE 
#4 HP, 1625 RPM, 115 VAC, 
50/60 Hz., single phase 3.8A 
motor. Thermally protected. 
Mounted on metal base. 
Dimensions: 534" W x 14?$"L 


Consists of: 2 solid gell cell batter- 
ies, 6V @ 9.5Ah ea. Connected 
in series by a fusable harness. 
Mating battery charger: 12VDC @ 
800Ma. Perfect for battery-oper- 
ated toys, robotics, solar storage, 
burglar & fire alarms, etc. 


ГЕЗИ С $14.95 | YESI Please send me the following items: Û My check or money order is enclosed. ORDER 
Item #6643 $19.95 Item How | | O Charge my credit card. $15. 
| Controllers (Set of 4) — No. Many? — Description Price — Total Г] Visa Û Master Card Û] Amex PS-388 


нет #7013 $9.95 nrc | 


| Adam Cassettes — Card No. 


ars of рі Ваве, Воск Rogers Exp. Date 

| & blank cassette.) Item I | 

| BAKER'S DOZEN — $19.95 Signature Е 

| Adam Link Modem (Software incl.) — Telephone: Area Code Number 
| Item #12358 $29.95 ê 


Auto-Dialer Address Book — Shipping & handling, we ship UPS unless 


кет #12365 $19.95 otherwise specified. Add $3 plus 10% total. Address 
| Adam Daisy Print Wheel — Canadian: $3 plus P.O. cost. Charge only. = 
| кет #13305 $3.95 City 


Sales Tax (N.J. residents only, 
please add 6% of total) 


ORDER TOTAL | — | 


Adam Ribbon Cartridge — 
Item #13306 $3.95 
ColecoVision to Adam 
Expansion Kit — 
p 


State Zip 


BY DAWN STOVER 


Aluminum-air batteries A 


Prototype car built by Voltek (140 Iowa Ave., Belleville, Ill. 62220) pro- 
duces no noise or air pollution. It runs on fuel cells in which aluminum 
reacts with oxygen. To refuel, add fresh metal and alkaline electrolyte. 
saline electrolyte activates aluminum-air batteries made by Alupower (6 
Claremont Rd., Bernardsville, N.J. 07924). Add salt water to $45 Night 


Star, and it shines for 10 days, even after years of storage. 


< Three-piece propeller 


| | Now you can replace a damaged blade on 


3 y the spot. Or change pitch to suit the day's 

d activities by switching all three aluminum- 

ee a alloy blades in the Advance-15 Marine 

Е. "а | \ Modular Propeller System ($148.50). Ad- 
bh. aux» ШЫ vance Marine, 1736 W. 10th St., 


Tempe, Ariz. 85281. 


Restyled high-performance sports car A 


The 1988 Lotus Esprit Turbo features impact-resistant bumpers, inte- 
grated air intake, and other body changes that replace the original 1975 
design. Lotus will hand build more than 300 of the cars for the U.S. market. 


Tilting trailer carries up to 5,250 Ibs. > 


Turn your pickup into a tow truck with the Transporter II. This dou- 
ble exposure shows how the 16-ft. bed rolls back and tilts to load ve- 
hicles. Hydraulics drive the trailer's winch, rear stabilizer, 
and extension. ChrisKar, 245 Delaware St., Wal- 

ton, N.Y. 13856. Suggested price: $14,500. ES 
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Piped-in fresh air A 


A firefighter who is also a plumber 
invented this $40 device to buy time 
for people trapped in tall buildings. 
LLIFELINE (Life Line in Fire Emer- 
gencies) connects to drainpipes. 
LLIFELINE Services, Ltd., 148 Clin- 
ton St., Schenectady, N.Y. 12305. 
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Water knife for circuit boards A 


Needle-thin jets of water, traveling at twice the speed 
of sound, let manufacturers cut apart boards after cir- 
cuitry is loaded— without generating dust, vibrations, 
or heat. Ingersoll-Rand Waterjet Cutting Systems, 635 
W. 12th St., Baxter Springs, Kan. 66713. 


Space outpost A 


Artist's rendering shows Rockwell 
International's proposal for NASA's 
space station. Rockwell's Rocket- 
dyne division won a contract to 
build the station's solar power sys- 
tems. NASA does not yet have ap- 
proval to award contracts for the 
upper and lower booms or the large 
box-shaped servicing bay shown in 
this drawing. 


One-handed grinder > 


Stir and sample your culinary creations 
while you’re adding spices with Impe- 
rial Knife Co.'s Ultimate Salt 'n Pepper 
Mill. Instead of rotating gears, it uses a 
spring mechanism with eight settings. 
The grinder costs 515. 


What's New 
чн чаны EG 
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Airborne eyes A 

Boeing Aerospace Co. is modifying this 
767 to carry infrared sensors atop its 
fuselage. Flight tests with the Airborne 
Optical Adjunct system begin in 1989. 
The project's aim: to detect heat from 


ballistic missile warheads as they enter 
the atmosphere. 


Home planetarium Þ> 


Sleep under the stars—more 
than 350 of them, accurately po- 
sitioned and sized. The Night Sky 
Star Stencil kit comes with paper 
stencils that stick to the ceiling. 
Dab the glow-in-the-dark paint 
into the holes, and peel off the 
stencils. You can’t see the paint 
during the day. A 12-ft.-diameter 
version of the summer or winter 
sky costs $30. Ur- 
sa Major, Box 
3368, Ashland, 
Ore. 97520. 


«4 Route simulator 


БЕР л. 
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Ask Videoplan how 
to get to an address, 
and it shows you ac- 
tual pictures of the 
streets you'll have to 
traverse. It also issues 
a ticket indicating the 
route, distance, and 
travel time. Made by 
a French company, 
Logovision, the sys- 
tem was tested in a 
subway station in the 
Madeleine district of 
aris. 


Aluminum cans weigh less than 
plastic containers, and they’re 
recyclable—but they can’t be 
used for multiple servings. That 
may change when Reynolds Met- 
als Co. begins 

market tests 

of its reseal- 

able Reylock 

сап. A light- 

degradable 

plastic plug 

snaps on the top and 

locks in carbonation. 


: Plenty of water, 
no water bills. 


Drink. Bathe. Splash. Water the garden. Wash the 
car. Do the laundry. Scrub the dog. Give the lawn a 
drink. Fill the pool. There's no limit to the wonderful 
things you can do when you have your own private 
water system and no water bills. 


Join the thousands of homeowners who have drilled their 
own water well to supplement their expensive city water. 


With a Hydra-Drill, you can drill your own water well 50- 
100-200 feet deep. It's as simple to operate as a power lawn 
mower. Don't wait for the next drought or big increase in your 
water bills. 


Get the facts. You owe it to yourself to 
find out about this practical, economical 


way to provide good, year 'round water "What a thrill to strike pure water at just 59 feet. 
for your home and garden. Just think--that sparkling water has been so 
close all these years. Now | can make good use 
For a FREE BROCHURE, call today of it! ТРЕЕ 
TOLL-FREE 1-800-DEEPROCK (Ext. ES ES 7 " i a 
76 | E My lawn and garden benefit greatly from my 
7030) or mail coupon below. Learn how 750 gallon per hour wall I drilled.“ 


over 100,000 home water wells have been 
drilled this easy, low-cost мау since 1962. 


- G.W.F., New Jersey 


` Everything you need to know to get the water 
you want, when you want it, and no water bills! 


FREE! ..20о.рғғғноск 


(Ask for Operator 7030) 


» - | How ia. Drill Vou Own Outside U.S.: Call 1-205-749-3377 

> С Water Well is a fully-illus- p ی و‎ у с... 
lcs b trated guide that shows | | 7030 Anderson Road | 
| you how to attain | Opelika, Alabama 36802 i 
á water independence and | O YES! Send the FREE INFORMATION | 
" get all the pure, fresh, PACKAGE by First Class Mail. { 
chemical-free water | О FREE! Mail to me the illustrated guide i 
ha you'll ever need. | How to Drill Your Own Water Well. 
-— | і 
j rint Name і 
ғ VIDEOTAPES i | | 
= AVAILABLE i ress 
Call for Information | | ——« EN 

| і City/State/Zip 
= | 
© 1988 DeepRock | Phone 


BY TIMOTHY O. BAKKE mmm а= шшш —— === | ی ی‎ шя з= Se 


«4 Closet coordinator 


Closets packed full? Need more-efficient 
storage space? Thinking of 
building or buying closet or- 
ganizers? The Closet De- 
signer 3-D space-planning kit 
may make your designing 
chore easier. Using its layout 
grid and '5-in.-scale sym- 
bols for shelves, bins, sto- 
rage boxes, clothing, lugg- 
age,and more, you can easi- 
ly create the closet that 
fits your needs. Stan- 
ley Tools, 600 Myrtle 
St., New Britain, Conn. 
06050; $15. 


Concealed door closer A 


With its guts hidden within the door, 
the concealed Gibcloser is an attrac- 
tive alternative to conventional door 
closers. The hidden spring and high- 
strength chain can close doors that 
weigh up to 76 lbs. Price: about $12. 
Reilor Inc., 5170 Campus Dr., Plym- 
outh Meeting, Pa. 19462. 


. 4 Draft stopper 


| Cracks and seams around 
Ns [M window and door casings 
dU can let cool air in during 
winter and out during sum- 
| mer, wasting heating and 
ig cooling energy. 3M's aerosol- 
1 dispensed latex Indoor Clear 
Sealer, with its fine nozzle, 
unobtrusively fills these tiny 
cracks. 3M Co., Home Prod- 

ucts Div, 3M Center, St. 

Paul, Minn. 55144; about $4. 
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High-rise self-rimming sink A 


The ceramic Culinex kitchen sink sits high off 

the counter, providing a deeper sink that is said 

to cut down on splashing. It has two large bowls 

| and a small center bowl for food preparation. 
The sink is a self-rimming model, so all you have 
to do is drop it into a cutout. The built-in drain 
board can be specified for either the right or left 
side. Porcher, Inc., 612 N. Michigan Ave., Chi- 
cago, Ill. 60611; $500. 


Thermally efficient slider > 


The Century sliding patio door is outfitted with 
PPG Sungate low-emissivity glass, which is said 
to hold in interior winter heat and block out 
summer sun, and a Lexan plastic sill that acts 
as a thermal break. The aluminum-clad door 
slides on stainless-steel ball-bearing rollers and 
costs $1,000. Century Windows, Industrial Park, 
Mount Vernon, Ohio 43050. 
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Heart watcher A 


Biosig's Tele-Pulse watch shows you the date, time, elapsed time... and your 
heart rate. As you exercise, a transmitter in an elastic strap you wear detects 
your heart rate and sends it to the wrist receiver. Biosig Instruments, Box 860, 
Champlain, N.Y. 12919. $149. 


T Pocket protection А 


Press the key-ring remote-control 


" button, and the Schlage Keepsafer 
Compact arms itself to guard your 
exi home against theft. Sensor modules, 
placed at doors and windows, sig- 
"+ nal the alarm box of a break-in. The 
$99 system includes the alarm cen- 
T^ ter, remote control, and one mod- 


ule. Schlage, 2401 Bayshore Blvd., 
San Francisco, Calif. 94134. 


Little box, lots of sound A 


The Bose 16-by-22-by-23'4-in. Acoustimass Professional Pow- 
ered Speaker System creates up to 122-dB sound pressure 
level at one meter. That's loud... and it's undistorted, says 
Bose, because of the speaker's acoustic design and its in- 
ternal high-power switching amplifier. $2,500 each. 


Ed send; communicator A 


к» The battery-powered PPC 640 lets you com- 
pute while on the go, and a speedy built-in 
ro 2,400-bps modem lets you communicate with 
others once you get there. The portable 8086 
» PC is $999 from Amstrad Inc. (1915 Westridge 


Dr., Irving, Texas 75038). 


PA Wireless stereo speaker system > 


bo Recoton's amplified speaker system receives the audio 

from your hi-fi via your home's AC wiring. The transmit- 
4 ter (above speakers) attaches to the hi-fi's tape out соп- 

nection. The speakers plug into any AC receptacle. Recoton, 
e 46-23 Crane St., Long Island City, N.Y. 11101. $170. 
“& 

HECDTUN* 

"uu 


MARCH 1988 | 97 


BY JACK KEEBLER que ڪڪ‎ [=== : 


—— : 


й 
oe Rt а < n " a 
"UM es ee ee ee а 4 ч f 
= اا‎ ns ا لے د ر ااا ۔‎ a کے‎ 
" = 


Drink-holder/speaker armrest A 


Molded out of sturdy polyurethane, this add-on armrest fea- 
tures a soft-drink-can holder and a 40-watt speaker. It's 
available in five colors from Cal Comfort, 1630 Superior Ave., 
Costa Mesa, Calif. 92627. Price: $130. 


\ | ice warning 


An adhesive backing 
holds the ice-alert 
strip on your vehi- 
cle's outside mirror. 
А skid symbol is re- 
vealed when temper- 
ature falls to freez- 
ing. Color-coded dis- 
play boxes show fur- 
ther 2°-, 5°-, and 10°-C 
drops in temperature. 
Alexander Engineering 
Co. Ltd., Haddenham, 
Aylesbury, Bucks HP17 
8BZ, England. 


Breakdown kit A 


The top of this three-section can 
holds a gallon of gas. The middle 
tray holds small tools. And the bot- 
tom compartment is for big tools, 
a tow rope, or jumper cables. Mill 
Aecessory Group Ltd., Two Coun- 
ties Mill, Eaton Bray, Bedfordshire 
LU6 2JH, England. 


Key card A 


Carry spare keys in your wallet: 
These plastic-card keys are cut on 
a standard key grinder to fit your 
car. Creditcard Keys, 2906 S. 52nd 
St., Tempe, Ariz. 85282. Price: $4. 
(Specify car model when ordering.) 


<4 Pickup-bed restraint 


Pickup beds often fail the grocery-bag 
or small-load test. BedGrabbers ($45), 
with powerful magnetic bases, act like 
bookends to contain light loads. Arm- 
strong Technologies, 2845 S.E. Monroe 
St., Dept. JG, Stuart, Fla. 34997. 
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Total Road Protection 


Electronic Safeguards From Radio Shack 


bl uae S 


Reliable 24-hour protection for your vehicle. And you'll 
never be "alone" in parking lots anymore! If a threatening 
situation develops, just push the panic button on the 
keychain remote and the system comes to life, sounding 
the siren and attracting attention. Alarm signals pager, 


Guard Your Car Against Theft and Tampering! 
Get Our Mobile Alert" Auto Alarm With Pager 


oe Low As $15 


Per Month x 


LL 


m Pager Instantly Alerts You 
If Alarm is Triggered 


m Digitally Coded Remote 
Arm/Disarm and Panic Button 
On Keychain Transmitter 


m Transmits Signal Up to 2 Miles 


siren, car horn or all three. Valet override for repair and 
attendant parking. LED minipanel indicates system sta- 
tus at a glance. And you can add extra sensors and 
switches anytime. With mounting hardware. Receiver 
requires 9V battery or AC adapter, extra. #49-795 


Know What's Up Ahead! "Super-Small" Superhet Radar Detector 


аа E A hy RE MIR Nin on 


ш incredible On-the-Road Awareness 
m Easy to Transfer From Car to Car 
m Receives All Bands and Types of Radar 


The Micronta Road Patrol XK® is small enough to fit in 
your shirt pocket, yet its a performance giant! GaAs 
Schottky-barrier diode front-end and dual-superhet de- 
sign deliver incredible sensitivity. Our exclusive FAST" 
(False Alert Suppression Technology) circuit greatly re- 


With Carrying Case, Two Power Cords, Visor Mount, 
Tiedown Clips and Mounting Hardware 


199°% : 


duces interference from many non-radar sources. Sepa- 
rate X and K band warning tones pulse faster (or slower) 
to indicate relative distance to radar. Panel lights auto- 
adjust to day or night brightness. The Road Patrol is a 
must for every serious driver! Ask for #22-1617 


Low As $15 
Per Month х 


Radio Лаек 


The Technology Store" 
A DIVISION OF TANDY CORPORATION 


Sale and use of sirens for mobile use is prohibited in California and certain other 
states. Radar detector not sold where prohibited; use may be regulated by state or 
local law. + Radio Shack ValuePlus" revolving credit. Payment may vary depending 
upon your account balance. Prices apply at participating Radio Shack stores and 
dealers. 


[sex Wu Солы m ы SM obs 

| Send for Your FREE 1988 Catalog! | 
| Mail to Radio Shack, Department 88-A-383 | 
| 300 One Tandy Center, Fort Worth, TX 76102 | 
| NAME | 
| STREET | 

CITY STATE ZIP 
| | 
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One-hand nailer V 


The Sure Hit nail starter grips your nail be- 
tween rubber fingers, centering it on the ham- 
mer head. Then it drops down out of 
the way so that you can drive home 
the nail without interference. The $3 
gadget is from Lamar Hammer, 3029 
Fleetwood Ave., Baltimore, Md. 21214. 


ая пата 


* n dii E" DF a 
Supporting role A 
Firewood cutting is easier and safer when the log is 
held firmly at a comfortable height. That's the in- 
tent of E-Z Saw, a steel stand that cantilevers the 
log, gripping it in two toothy jaws. Production Fab- 
ricating, 2142 Maple Rd., Grafton, Wis. 53024. $110. 


Elegant interiors > 


You can flock drawer and box interiors just by paint- 
ing on an adhesive and spraying with Suede-Tex fi- 
bers. Starter kit ($49.50) includes a spray gun plus 
glue and fibers in brown and green. Blocks (inset) 
show all colors available. Woodcraft Supply Corp., 
Box 4000, Woburn, Mass. 01888. 
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« Smart heads 


Plastic-headed screws need no 
touch-up paint: They're made to 
match your surface. Colors are 
brown, black, beige, and white; 
bright hues are also available. The 
self-tapping screw's polymer dome 
transfers the turning force to the 
metal head. Polytops are from SEAC 
Ltd., 46 Chesterfield Rd., Leicester 
LES 5LP, England. 


Deep cuts A 

The Linear Link saw makes band-saw- 
like cuts, and can replace a large cir- 
cular saw, chain saw, and hand saw, 
says its maker. Depth of cut: 8 in. at 
90°, 574 In. at 45°. Price: $585. Progres- 
sive Power Tools Corp., 1100 W. Broad- 
way, Three Rivers, Mich. 49093. 


BY STUART Е BROWN | 


What's New 


5; RECREATION 


Cool lid A 


BMW's $225 System Helmet for bik- 

ers pulls fresh air through to keep 

the rider cool. A chin guard that 
| flips up makes it easier to don while 
wearing glasses, says BMW of North 
America, Montvale, N.J. 07645. 


Lightweight fifth-wheeler A 


Owners of many small pickups 


-P can now go camping in comfort 
with a fifth-wheel trailer, says Sun- 
E line Coach Co. (RD 1, Denver, Pa. 


17517). Sunline builds three 7-ft.- 
wide models equipped with elec- 
tric brakes, galley, and sleeping for 
three to five people. Prices range 
from $9,345 to $11,685. 


T 
4 


Talking outboard Þ> 


Let the oil get low, or exceed the 
rpm limit of the 200-hp Exanté V6 
outboard engine, and its computer 
lets you know— in plain synthesized 
English, claims Suzuki America 
Corp., 3251 E. Imperial Hwy., Brea, 
Calif. 92621. Exantés cost $9,371. 
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Water scooter A 


Designed for stability and ease of handling, Yamaha's 
WaveRunner carries two riders in a snowmobilelike seat- 
ing position. A 32-hp two-stroke engine with jet drive pow- 
ers the $3,905 craft to a top speed of 36 mph. А built-in ice 
chest keeps drinks cold during outings, according to Yamaha 
Motor Corp., USA, 6555 Katella Ave., Cypress, Calif. 90630. 
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Lean back and go V 


The Laid-Back bicycle combines a back- 
saving recumbent riding position with a 
wheelbase short enough for transport on 
a car's bike rack. For $349 
you can get a frame kit to Ж". 
which you can bolton your /  j 
own cycle parts. А com- 
plete bike costs $550 
from Turner Enter- 
prises, Box 36158, 
Los Angeles, 
Calif. 
90036. 


BIG SAVINGS ОМ 
NYLON CAR COVERS 


VEHICLE PROTECTION 


For Daily or Long Term Use! Slip one of 
these tough, lightweight, 10096 nylon ALL 
SEASON Covers on your vehicle...to guard 
against dirt, harmful sun rays, frost, snow, 
tree sap, etc. Special arrangements with a 
manufacturer mean LOW prices. Take 
advantage of this exciting offer. Order 
TODAY at remarkable savings! 


e Durable 70 Denier Nylon Taffeta. 

e Double Stitched Hemmed Bottoms. 

e Elastic Bands on Ends Offer a Snug Fit. 

e Wrap-Around Design. Carry-Case 
Included. 

Measurements: Bumper to bumper. Allow 10"'- 


15" extra length for wrap-under bumpers, 
wagons or pre-1959 autos. 


SMALL Compare: 69.95 $25 


" " 
150 -165 e гоа dia $4.50 ea. 


MEDIUM Compare: 579.95 $ 
166-180” Lauidation Price. 20 7 


Item H-3337-4514-014 S/H: $4.50 ea. 
LARGE Compare: 389.95 
181"-192" ас "S vp b 
X-LARGE 
193" -240" 


JUMBO. 
2117-235" -kem H-3337-4514-030 S/H: $4.50 ea. 
Liquidation $15 


MOTOR- 
Ж Price а в а ж 
CYCLE Нет H-3337-4514-048 S/H: $4.50 ea. 


*78" motorcycle cover measured over the windshield. 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 

HERE ЭНЕР GEEK GERNE ИН GENE ШЕШН БНР GENUS ا‎ UU» 

i Authorized Liquidator i 

i 1405 Xenium Lane N/Minneapolis, MN 55441-4494 j 
Send Car Cover(s) shown below. Add $4.50 each fo 

i insured shipping, handling. (Minnesota residents add 696 i 
sales tax. Sorry, no C.O.D. orders.) 
Send. SMALL @ $25 ea. ltem H-3337-4514-006 ў 
Send — MEDIUM @ $27 ea. Item H-3337-4514-014 i 
Send LARGE (@ $30 ea. Item H-3337-4514-022 

i Send X-LARGE @ $33 ea. Item H-3337-4514-055 1 
Send. JUMBO @ $36 ea. Item H-3337-4514-030 

j Send. MOTORCYCLE @ $15 ea. Item H-3337-4514-048 i 
PLEASE _ mE С) _ 
CHECK О = D eJ mE 
Acct Ma. 

| PLEASE PRINT CLEARLY 


i Name 


| Address Apt # 
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By STEVE MERCALDO 


Idle concerns 


INTAKE MANIFOLD a a S м. Гі > : 
VACUUM GAUGE М ШЕИ 70 cer е > 
Of manifold importance: MAP 
One of the important new electronic-  ifold vacuum. To check vacuum, re- 
fuel-injection, or EFI, components is move the sensor's line and install a 
the manifold absolute-pressure (MAP) vacuum gauge. At start-up the engine 
sensor. It samples intake-manifold vac- should immediately jump the gauge 
uum for the on-board computer. If your needle to about 18 inches. If the nee- 
EFlLequipped vehicle is using extra dle is sluggish or shows low vacuum, 
fuel and is down on power, the MAP the manifold line is plugged or an 
sensor may not be reading true man- engine problem is affecting vacuum. 
CONTROL | | | TIMING BELT f F 
= f y 5 ay \\ | a 
! | f VACUUM | 22 2 
[|_| ATMOSPHERE LEAK | Ms = 
О vacuum йим м ПС) ( 
| 
| 


Does your car idle roughly at stop- 
lights? Have you noticed that it only 
happens when the brake pedal is de- 
pressed? If so, you've probably got a 
vacuum leak at the floating control 
valve in your master cylinder. This can 
be tough to spot because engine checks 
arent usually performed with an op- 
erator's foot on the brake. 


Timing-belt tip 


Many four-cylinder engines use a tim- 
ing belt between the camshaft and 
crankshaft gears. And unfortunately, 
broken belts are often misdiagnosed 
as bad ignition modules. To check the 
belt, remove the distributor cap and 
see whether the rotor spins when the 
engine is turned over. (The distribu- 
tor is driven off the camshaft's end.) 


Got a useful car tip? Send it (with Social Security No.) to Car 


Care, PoPULAR Science, 380 Madison Ave., 


Mew York, N.Y. 


10017. We'll pay $50 if we use it. No tips can be returned. 


ing Care of Your Саг · 


4 - 


ч 


Handle not 


On late-model Ford distributors, don't 
use the thick-film ignition (TFT) mod- 
ule as a handle when adjusting the 
timing or removing the distributor. 
The module's plastic housing can 
easily separate from its metal base, 
causing a no-start or tough-to-trace 
intermittent stalling problems. 


Shoe shuffle 


When replacing worn front-brake 
pads, be sure to replace the rear shoes 
also—even if they don't appear worn 
out. Much of their gripping power has 
been diminished by time and heat. If 
you leave the old shoes in place, their 
lack of stopping muscle will acceler- 
ate front-pad wear and lengthen the 
vehicle's stopping distances. 


Learn to use, program, and service today 's 
digital electronic music equipment as you build 


Now NRI puts you at the heart of 
the most exciting application of digital 
technology to date! 


With NRI's new at-home training in Electronic 
Music Technology, you get hands-on experience 
with the equipment that's revolutionizing the 
music industry— Atari ST Series computer 

with built-in MIDI ports, Casio CZ101 digital 
synthesizer with advanced MIDI capabilities, 
and ingenious MIDI software that links com- 
puter keyboard to synthesizer keyboard—all 
yours to train with and keep. 


Now you can prepare for a high-paying career 
as a studio technician, sound engineer, or 
recording technician. . . even start your own 
new-age business providing one-stop sales and 
service of today's extraordinary new digital 
music equipment. 

No experience necessary— 

in electronics or music! 

No matter what your background, NRI gives you 
the electronics skills that are now so essential 
for technicians and musicians alike. . . skills you 


Geodesic Home 
Kits. 
Beautiful, Efficient, 
Affordable. 


Monterey Domes sells home kits for less than 
many new home down payments. Completely 
affordable... remarkably beautiful...cur homes are 
designed for a lifetime of savings. 

The most energy efficient homes on earth... up 
to 50. more than everyday homes. In addition, 
construction costs are cut dramatically using our 
patented building system. 


Discover Monterey Domes living with our 98 
page Color Catalog and Plans Book. ORDER 
TODAY for just $7.00. Unconditionally 
Guaranteed or your Money Back! 


[] Please rush my 98 page copy of Monterey Domes 
Catalog and Plans Book. Enclosed is $7.00. 
| [1 Also please send me the Monterey Domes Basic 
Dome Assembly Manual for an additional $5.00. 
| Order by Credit Card. Call 500-634-2255 
(In Calif. 800-847-4663) 


| a ET ана Рыа РЕС ج ج‎ 
Address _ 
| City/State Zip 
Send io: MONTEREY DOMES 
| газ, Dept. AR-3 


1760 Chicago Ave. 
Riverside, Calif. 92517 


[| TEES 


[E E а culi 


your own computer-controlled 
music center 


E^ = master through hands- 
| on experience as you 
explore digital techniques, 
MIDI, waveshaping, patching, sequencing, 
mixing, special effects, and much more. 

Plus, even if you've never been involved with 
music before, NRI gives you enough basic 
training in music theory and notation to 
appreciate the far-reaching applications of 
today's new digital electronic technology. 
Send today for FREE catalog 
If the coupon is missing, write to NRI School 
of Electronics, McGraw-Hill Continuing 
Education Center, 3939 Wisconsin Avenue, 
Washington, DC 20016. 


AFP School of Electronics „ЛК 
McGraw-Hill Continuing Education Center n 
3939 Wisconsin Avenue, Washington, DC 20016 a iá Í 
YES! Please rush me my FREE catalog describing NRTs 

new at-home training in Electronic Music Technology, plus i 
training in other high-tech, in-demand electronics fields. 


Name (Please Print) Age | 
street | 
City State Zip 

132-0318 


Serious about owning your own personal helicopter? 
DREAM NO LONGER! Climb on-board the world's most 
‘affordable helicopter the RotorWay "Exec!" The "Exec" 
incorporates State-of-the-Art technology with beauty 
and speed...and IT’S AFFORDABLE! Costs less than à 
sports car! START RIGHT NOW and join us in the wild 
blue yonder by ordering our exclusive video tape the 
"Exec Experience!" An hour of action-packed helicopter 
flying, historical aviation footage and fun-filled educa- 
tion. FIND OUT how RotorWay made the helicopter 
affordable! SEND FOR our beautifully illustrated Infor- 
mation Package which contains several color brochures, 
a fold-out poster, 3-view drawings and pricing details. 
Plus, a step by step description of RotorWay's exciting 
full circle program! 
IT'S TIME TO STOP DREAMING 
AND HAVE SOME FLY 'n FUN 
B M M BM EM BM M M ш 
30 CREDIT CARD CUSTOMERS 
FOR FASTER SERVICE, CALL TOLL FREE NOW! 
U.S. (Alaska, Hawaii, Virgin Islands) 
TELEX 683-5059 1-800-345-9080 Opr. 169 FAX 602-961-1158 


E 
Charge to MC, Visa, AmEx. Exp. Dale .— à — в 
5 


# — Signature 
Send me items checked below: 

— ACTION PACKED 1 HR. VIDEO & INFO РАК. 

—— Specify: VHS Beta $59.95 

— Video Tape Only $49.95 

—— Information Package Only $12.00 

Arizona residents add 614% sales tax. 

(Overseas orders add $10.00 postage) Е 
HABIE sa 
PHONE NO. — . |  . | . 9 
ADDAESS ы. 
CITY STATE ZIP _ L1 


Ш AJ RororWay Port. 8PS3, 7411 W Galveston i] 


$ Chandler, AZ 85226 BPS3 
mmmmmmummmmu?) 
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Wordless Workshop 


$50 to Joseph Stolfi of Abing 
Social Security No.) to Wordle 
Ne , М.Ү. 10017. Only pu 


ton, Pa., for this idea. Send yours (with 
55, POPULAR SCIENCE, 380 Madison Ave., 
chased ideas can be acknowledged. 
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~ HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes, Binoculars, Magnifiers, Microscopes, 


Science Kits, Lab Equipment, Toys, Military Surplus. Fiber Optics. Lasers, Solar, Photo Шы Instruments. 


E 9 . -— = „ЖУ Realistic Looking Owl And Snake 
| j S age fi v ua i Keep Unwanted Guests Out Of The 
- | | 7 Garden And Off The Rooftop! 


= Star That Glow In The Dark Tum Your | 
ака? , Bedroom а Into The Night Sky. | 
44 ^; Assortment of 250 lumi- 

EN nous stars that glow in the 
Ta Tm dark on ceiling or wall. Light 
Ф up a childs room with the beauty of glowing stars and have 


& gardens from thieving birds, rabbits and 
M sowrrels. An excellent way to rid 
pigeons from the rooftop. The owl 
works; said Ms. 5 W. “A month ago 
t, WE couldnt stay outside because Pa 
; А ol ы. “А ен falling from the sky? „ fs - 
"hs reat horned owl with its ч 
with astronomy. Fasy to apply decals glow alter exposure to + р Шон da ON eyes and lethal- 
ght. Comes with star chart and instructions to recreate the looking black bil terrifies rodents and pigeons; the Шү 
Ba Dipper. Milky Way and the heavens. 19521 $3.95 


"d | 6 М. snake sends birds flying elsewhere. Can be є : 
| mounted on а fencepost. a tree. on a roof or in 
[ = ByThe Bag For Hobbyists, Modelmakers. eaves—and garden pests will leave your flowers Т 


XY Q4 ЧЕР e" ..| ave tables alone Each $4.95 


= = 


ae "d i= Dur inexpensive P i | (Specify) Snake 235,967; Ow! 735868 ft 
| کے‎ molars can таке gs. 
|7 | a. А wheels go ‘round, -| Close Inspection Is A Snap With The WT 
a d ЭЕ Propellers tum. Edmund 25X Pocket Microscope „7 
^ d = n | : 
a ONLY $4.50" AN 
Have un by adding ma- == ج‎ й 236,843 Reg. $12. 95 


|--* DOR fo your science Тан 
projects, demonstra д 
tions and experiments ж * 4 M 
i ith this special buy of — Cf ж ч З 
20, 1" motors with 44" " 
long shafts and 2 wire. -z ^ d 
leads. 20, T" motors Zi $10.95 ^ 


Great AM Radio Reception With Select A Tenna. 
Listen To Station WOR N.Y. When In Boston. 
= This new antenna will bring in those weak, distant, 
" AM radio signals loud an clear. == 
You'll now get excellent radio recep- 
tion on all AM stations. Select-A- 
= Tenna turns your AM radio into a 
powertul receiver. Used in Alaska to 
pull in stations from continental 
pes. Employs ra inductive 
coupling. Mini-jack an Aog 
ling. M К 7 $44.95 
1034“ dia. 


10 Foot Solar Dirigibles 
Fly In The Sky When 
Exposed To Sunlight. 


These 10x2 ft. mee solar shul- 
| — te dirigibles will Пу over houses 
[А C and trees when exposed to the 


5) sun. Weighs only 2 ounces. H ht Controlier for forward, reverse and м; control 
2 Solar Dirigibles 235,889 $9.90 16092 input. Speed selector switch will handle up to 
£35,280 $24.95 


| The Flying Aerobie, A New Frisbee-Like Ring, Вор Opes 08280 S24 86 
m> €—— id's Record For Thrown Flight. | Miniature Water Pump For Photo Darkrooms, 
съ, Thenew astonishin deat Science Faire, Water Displays. 


hs ws 4 | Carry this pocket microscope 
{| with you-it's only 5" long. 

5 j| brushed aluminum finish and 
1 pocket clip. Precision ground 

| lens system gives distortion free 
Ел inspection. Clear acrylic 4 

| base gives sharp view. C 
| Offer limit: only 1 per order. 


Makes Unique Window Display Or Decoration. 


"4. | Weatherproof Light Ropes create moods, 
n pe attention for sales displays and trade 
| oaths and are one-of-a-kind decorations. 
Clear plastic %4” flexible tube encases 44 tiny, 
. brightly colored bulbs in 12 ft. long Light 
` Ropes. Can be used indoors and out. Male 
and female connectors at each end allow you 
to mix and match color strands. Lights in the 
rope will move in а stationary pattern or 4 
"chase" each other at a variable speed you Me 
Select. А transformer is required to operate | 
lights 519.95 Еа. | 
4-9, 518.95 10 ог тоге $15.50 Ea. 
Clear 736 66; Blue 236,657; iem 
235,558; Red Z 
236,660; Multi Color 135, 279 


i a 


- newly invented bright oran flying 
ring is quackly spinning into the hands 
ofaerodynamic fans everywhere. А 
special rim along the rings outer edge 
accounts far the Aerobies superior performance. The Aerobie 
works over an amazingly broad range of speeds. / slices 
through the air with Ihe greatest of ease.. even a b-year-old 
can easily learn to toss il. £36,013 $9.95 


jl) has broken the Guinness f 

P World Record by sailing | === Ss == 

24, 046 eel the longest ^M ا‎ 
Thstinypumpcanpumpa ~ ессе 
pint per minute with a 12^ — / — | { oS 
high flow: Idealfortempera- 7 — / MG Mur 
ture control and circulation 290,045 $6.95 ч с — ÍÀ 
of darkroom chemicals, table fountains, model watertalls, water 
filtration and more. Can be used in either direction and is self 
priming. Operates on 2 flashlight batteries (mot incl. ). rums ш 
tà 48 hours belore battery change is required. 4" tube incl. 
100 Piece Peg Board Hardware Bonanza. 


SPECIAL 
И | Digital Thermometer Shows BOTH 
М FF реч AND Outdoor Temperature, ep: ا‎ 


= trial peg board 


Memory For Day's High AND Low! 


Now, you'll know ata glance, 
with large, easy-to-read LED 
readout numbers, bath the 
Tesi || Outside and inside tempera- 
Japan, ture readings. This unique 
= | thermometer also records the 
high and low readings for any 
period or day you select. F° or 
C? selectable. Readings from 
ENS 2 40" F to +122° F Modern |= 

styling case, Tada? Easy to mount on any wall. Uses 2 АД 
battenes (not incl.), comes complete with TU outdoor probe |: 

sensor cord. 38,038 $39.95 


‘Cannonball Whistle Recreates The Authentic 
Five Ai Steam Engine Sound. 


р hardware at а very 
Special savings. Our bargain pack con- 


driver” racks. Organize your workshop, 
' lab, school room or office at a fraction of 
the usual cost. $8.95 


For the hobbyist with imagina- 
mM there are many uses; with 
mini toys, robot componant, 
ays, demonstrations, ete, 
Micro size motors were origi 

X 2 nally designed to advance Ê 
film in disc cameras. Measures only 76 L x "yy W x 3" Н 
with a Vg" dia, x Ya” long shaft. At 3 volts 200ma, will 
do 7500 roms. Solar cell to run molor, 231.276 $5.95 
Pkg.25 236,341 $18.75 Pkg. 100 136,342 $60 


"Moisture Magnet” Absorbs Moisture 

And Helps Stop Mildew And Musty Odors. 
"Moisture Magnet" virtually 
eliminates dampness and 
mildew caused by moisture. 
Place in closets, drawers and 


Beauly polished : all-aluminum train 
whistle will take you on a trip to yesteryea 
when the steam engine train was king 

He gus" long. Weighs just three ounces 
Makes an excel ient gift for rail readers of all ages. Includes in- 


Colorful inflatable pest repellers can protect | 


| 12 Foot Light Show Of Multi-Colored Bulbs — — 


‚ tificial light. An attractive Beha вов 


| meu Таа Sensor Out the window and close the win- 
|а" erates on one SV battery (not 


tains 95 4° hooks and 5 six-place^screw- | 


The Vanishing Leprechaun... WIN Anyone Ever 
Salve This Mystery? 


A fascinating illusion. We found it at a math 
teachers seminar. A 3x7" card with 15 lepre- | 
chauns. With a “slight-of-hand” one leprechaun 
will vanish, Your frends will be mystified. 
Which one vanishes? Where did he 

When he comes back, where has he been? One of our most 
popular best-sellers! Package of 4. 1371473 $4.98 


Prehistoric (Pterodactyl) Flying Bird Mobile 
Has Giant 32 Inch 


^ Wingspan And |$ 
vA Ready To Hang. 


Pom AME 

| ч 1 r 

| a. 

| eim ue] 
bs 


ae 


A gentle breeze or a slight pull of its counterweight sets this 
bird's giant wings in motion. The Pterodactyl roamed the earth 
50 million years ago—now you can T om into 1 
home or classroom 6,7 : 


Genuine Swedish Army 13" Bayonet 
135,911 $1895. я — 


Made of the finest high-car- 
bon, rust-free steel to the high. 
rigid standards of the Swedish 


) | army. OMM with sheath, For collectors. Used, but in ex- 


cellent condition. (Not available to NJ residents or minors.) 
Radiometer...A Space Age Sphere. z 


It's fascinating to watch the delicate vanes 
within this 5° precision-made sphere spin 
faster and faster illustrating the basic prin- 
ciple of solar heating. When light strikes the 
vanes il transfers heat, and the vanes begin 
to move. Works from direct sunlight or ar- 


piece" Reg. $5.95 — 280,082 $4 


| Digital Thermometer Reads ^ ^3. _ 
ew Cold It Is Outside. CB e s 


= This new high-tech marvel reads tempera- 


3 g ture in your home and outside, too. Can 
| =a be wall mounted —justextend the 5 ft. wire 


ives readings from —40°F to 
21А” 


199°F, measures 2x3x2'A".- 

Reg. $24.95 734,005 $19.95 
Fun a тї ИШИ You'll Play For Hours | 

| Magnetic Magic mam 

Ж a = or odd geometric pat- 
terns with these fascinating, high impact 
plastic marbles. Each ma: le has both a 
negative and positive pole. A challenge tö _ 
your imagination. Fun for youngsters, f 
adults, too! 20 es per package 

134,968 (Package of 20) $3.49 

135, 894 (Package of 100) 514.95 ^ 


Build Your Own 2000? Solar Furnace V rnace With This 
Fresnel Lens And Harness The Sun's Rays! 


. You'll bë able tà use this prè- 

„= Cision lens as a solar cooker 

~ for heating food, as ап for 

X pottery — and even to melt 

f er a matal or for other solar ex- 
TT periments. Lens has an 81%" f... 50 lines 

| per inch, measures 1071078" ы” thick. 
|| Unmounted lens comes with 16 page 
| book, “Fun With Fresnel Lens: Instructions 
———— | included on how to build the 360° stand 
© and frame shown, 


Fin carl Pulse Monitor Tracks 
iac Fitness. It Calculates, 

bucal And Displays Your Pulse. 

The Pulse Tach fingertip heart computer accu- | 

rately records what your pulse is doing to in- | 

sure that you get maximum benefit from exer- Ый. 

cise without damage from over-exer- ,— — “Ш 

tion. Its actually a micro-computer that ; | | 

fits on your finger. Weighs only yi TN 


ingl}. 


an ounce and can be womdur-  /- ~ m 
| ing mast exercises. An LCD | 


| contract. 12 jumping Quarters 
$3.95 


|| Butyrate plastic 


| Watch the liquid contained within | 
| hand that increases the vapor 


| IF works in this unusual demon- 
| stration of physics 


йит Amazing Happy Bird | 


170,533 $17.55 2 7 


Fid it And Create Fantastic, 


Edmund's Famous 
А Limitless Color Patterns. 


Jumping 
uarters . 


Press 1 The = 


% Press "Fidgit gently with your finger 


Leap 3 а "A 4 for a few seconds – ће pressure and 
Feet Into P 1 heat sensitive material will create count- 

a, Гм е. js patterns and colors from the heat 
The Air! апа pressure generated from your 


touch. Heat and cold will change its 


а С = e colors, pressure will make new designs. 


"A personal 3 inch doodler.” 237.189 $6.95 
Ultra-Sensitive Directional Sound Amplifier 


Full of fun and surprises. 
simply click the jump- 
ing disc between your 
fingers, rub for a second, 
lay it on any 


smooth sur. a Mm Р Picks Up Signals 200 Feet Away! 
face... and Ф\, Used for police surveillance and excellent 
POP! it leaps " amb for nature study, microphone and head 
| into the air, 3 set amplified sounds up to 200 feet away. 
feet high. Friends Д private conversa- it UN 
wontbeabletore- e у tions — listen to the sou 
sist tinkering with АР. of animals at distances that 3 
them. How does 1 vd eene one 39s « CIN 
ер нй tog NICE al ounces) so the microphone — T 
' | work on the principle of “Seq, Сап be mounted on your binoculars Com- м \ 
thermodynamics. Heat 48 = | pact, measures only 12° Powered by 1 АААХ 4 XY 
4 (rubbing the discs) makes metal putts 49005 r рин dat lp pact tt e 
pu 5 maximum METE wi mic 
| expand, a cool surface makes it ZM amplifier and headphones. 238,042 pro pe 


Space Shutile А 
Blasts 100 Feet ы 
Into The Air. 

Using air and m a8 _ 
fuel, the Apollo space ^ 
shuttle and booster 
rocket blast off to- 
gether, and at flights 
peak, shuttle sepa- 
rates from rocket and 
manned recovery cap- | 
sule parachutes back 
to: Earth Virtually ifi- 
made 01 


"Crush-A-Can" Completely Flattens 
235278 А Сап To Only One Inch. 
$29.95 Simple to use, just pull the lever. 
Helps promote a cleaner envi- 
fonment and condenses trash 

in your home. Ма more bulky 

— garbage bags. All steel model 
ME) measures Bl da Easy 


| This Clever Gadgel Will 
Tell You How High You Are. 
Whether you're driving cross country or 
hiking in the mountains, this Altimeter will 
tell you how high you are. Shows eleva- à. 

| tion from sea level to 15,000 feet. Can be VERE 

| mounted to dashboard with self sticking 
tape (incl.) or has pre-drilled screw holes. Also has built-in 

| | barometer With case Heg. $29.95 134,544 $22.95 

| 


Build Your Own Clock Of Paper, Е 
it Really Keeps Accurate Time. f 


destructiblg 


салан | | | Cut up this heavy stock 40 page book. 

Sex à " | supply alittle glue, three paper clips, nail, 

ү string and perseverance and you have а 

m. working Clack which keeps accurate time 

B» and has а real "tick-tock" pendulum 

à _ movement. You rewind and b oe it. 

7 $1.95 
The Amazing 8x20" Spy Scope , Fits In The Palm Of 
Handboiler, Your Hand! Brings The rid 8 Times Closer. 
A > m а Perfect for hunters, bird- 
| Demonstration watchers, racing and sports 
Of Physics. C7 fans. You'll never miss out 

* Al оп that rare bird-sighting... 

pid - the big play...or the photo 
237,299 finish again. ЇЇ measures а 
$3.75 mere 37а х3х116" weighs 


only 2 ounces. Precision in- 
strument has fully coated 

© aüptics with fingertip control, 
gives bright, sharpi images v" is fully sealed to resist dust and 
moisture. Neck strap and case included 211568 $34 95 


The Chandler Gyroscope — 
A Classic Favorite For 75 Years. 


ip, Demonstrates “gyroscopic inertia" or rigidity 
A) in space as first recorded by Isaac Newton. 


lhe glass chambers appear to 
“boil from the warmth of your 


pressure within the chambers. | 
The warmer your hand, the better 


Ап abject rotating about a fixed axis creates 

a condition in which the axis holds its 

| Never Stops position with respect to inertial space, no 
Drinking! matter how the spinning object's su 


is moved about. Machined, painted and 
balance-fitted all by hand. Complete with 
Instructions and pedestal _ 237,265 $5.95 $5.95 
ےا‎ ВИЕ aas 


Build А Working Replica Of The Уу) 
Steam Engine Popular In The эп. кы 


Steam engines, the workhorse of the 
18th century, powered machinery, farm 
equipment, the Stanley Steamer and 
trains that crossed tha country. The 
simplest was the single stroke piston 
engine—power occurring when the 
piston moved in one direction. Kit has 
everything needed to recreate a work- 
ing replica — from crank shafts, cylinder, 
piston, boiler parts, nuts, bolts, gaskets, 
etc. including fully Hus. instructions. 

172,202 $59.95 


Ms 


Fascinating to watch. Simply 
| duck the bird's head into a glass 
| of water to begin happy birds 
bobbing motion. Then the bird 
takes over, continuously dipping 
| into the water yh a lg 


У structions on how to simulate train hiss and other train sounds. basements Огу Guard alumi- | display shows your pulse, an — — 8 53.95 | jully assembled 235, 320 569.95 
Go Fishing With This Mighty Magnet. num canister contains mois- | audio beeper lets you listen to src nde заво —— = =e жеши ин ы шш ug н 
3 EZ. Lup to 300 ba. Fi i Sê иии бода BE) ture absorbing oe a quartz one пец Scope Be m а pe pin yon peg | Г Edmu nd Scientific Co. STOCK NO PRICE 
PZN and ondes А must tora bot tes | Mi tm ми ase ERE Vt PM MEUM, | IM 2100,25, daco Б; | 
5 X LEM. retrieve metal objects that fall [s P reuse. Chemically inert, non-corrosive, non-toxic, will not | | j INGE о І 
| SM rui Oe amazed at hat yoi Ull UO WE | impart odor or taste. 236,681 $6.95, 3 or more $6.25 ea. | METHOD OF PAYMENT: | 
ы А Pohe Vini Chloride coatin to resist cor- |/-— Now You Can Enjoy Seeing Your Old Home bi shane sae e REUS 
| : EM pm am pg 135 $29.95 | vs = мон га Sidet On Television. | O American Express 0 Carte Blanche | 
Y Life-Size Pumping-Heart Model Demonstrates i i 
Circulation Of Blood Through The Heart. Exp. Date n3 
Squeeze the ball pump and watch the _ 

Pret life-like c bir caes action of "blood" | | Card Number | 
bemg pumped through the visible heart i | Se Р ае Total Price | 
chambers = just like a real heart. Oner- C ATALOG | Bank Number (MasterCard only) | 

„аг او‎ used Dy ршн 8 ducatürs = | | | Signature In МЈ Add 695 Sales Tax i 
and students, ideal for science fair | ITS gasy amd inexpensive 10 convert your home movies and SERA aay pe CRY EO Add і 
ojects. Finished model is 11" high. | нн. Just place your vert your home or slide pro- oasis пеон, киринин ара pu | RUSH FREE 80 PAGE postage мас} hada d | 

F asy 10 assemble, complete with in- | sector and focus the image onto the mini-screen of the Tele-Cine Som " ucalional, fascinating and useful for i FULL COLOR CATALOG | 
&tructions and фара frame and | converter. Aim your video camera into the lens, focus and start every hobbyist, gadgeteer, student and educator. TOTAL ENCLOSED . j 
stand. 235, 25 $14.95 ™ recording. &'2x5Vx5" Screen is 3х3" 233,528 $59.95 | | 

No Risk Guarantee! If you are not completely satisfied with your purchase, return the merchandise | м | 
1i 09) 573-6250 Orders, Call in its original package ead we will cheerfully refund your money in full. We back our products! | TS | 
1 (609) Our 30 day unconditional guarantee means you take no risk on any product you buy from us. | | 

Address Ес — 
| for Полду 1978-6290 treatment а. E d | i | i | | 

VISA, MasterCard, Diners Club, American Ex mun cientific Б” А 

or Carte Blanche. Call en. 24 hours a day. | i тр p chy ме Zip س‎ | 
4» MOST ORDERS SHIPPED WITHIN 48 HOURS Dept. 2102, Z3, Edscorp Bidg., Barrington, NJ 08007 ‘i e Бл Science. Habba Sina IAE m mmm d 


WORLD'S SMALLEST 
WEATHER STATION 


INTRODUCING 


Medicare 
Approved 


Di 
OUR HIGHEST QUALITY 
AFFORDABLE 
ELECTRIC 3-WHEELER 


Take this compact, portable 3-wheeler | 
anywhere. Easy One-Hand Operation. 

| Built-In Battery Charger. Rear Suspen- 
sion System. MEDICARE and private 
insurance reimbursable. Call or send 
coupon below for a FREE 20 page color —— ——— Maas 
catalog. Wind Gust Record тиза 


1-800-662-4548 
Com] ASK FOR A FREE 


Wind Speed (to 280 MPH) 


Wind Direction (2° or 10°) 


Temperature (from -75°F to 250°F) 


High & Low Temperature Record 


"САТА Full НОМЕ e Programmable Scan Function 
= MALOG |, DEMONSTRATION! e Built-in Battery Charger "P - 
n Eat e Standard and Metric $139.95 

| Electric Mobility Corp., Dept. 1861 | | 

| #1 Mobility Plaza, Sewell, NJ 08080 | For Home, Office, or Boat 

| Мате EN | Quality Instruments Since 1969. 

| Address —À] MAGNAPHASE INDUSTRIES, INC. 
Cit Zi 15802 Pike Street N-W., Auburn, WA 88001 

| Жесс ш جح‎ ELI | Order Line: 800-322-1502 WA: 206-735-0374 

| "hone(.—) у _ | м/с МАРЕ IN U.S.A. visa 

Euer quuin کے‎ til 


An exciting portfolio of America’s popular home 
designs specially edited hy category. Order 
either the delightfully illustrated plan book of 
your favorite house category. or the Completa 
Collection. Your satisfaction guaranteed. 


E ut 
E, н - E 
T LE. д. = 
3 Р) = 
н P. 


A T 


zum icted bud gets. | 215 MULTI-LEVEL es — Split levels, bi-levels for flat & hillside sites 
$4.95 | Exciting new dimensions in ining. For varying budgets. 192 pages $4.95 


315 ONE STORY HOMES UNDER 2000 Sq. СТЕР 
Delightful tradiianal & contemporary exteriors & floor plan үз: 192 pages 


m PU. um d 


r gan | |! s 
u i 4 UE ls = uir г ЖР. _ атн + 
Р, 3 د‎ "c s = ане d NE | 
- rade EIRE ا‎ LEA d 2^ = E EL, р... A t 
= ' ч“ ES = t m ice * 
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21 ONE STORY HOMES OVER 2000 Sg. Ft. — All popular styles. Spanish, Western. | 223 VACATION HOMES — A-frames, chalets. hexagons lodgas for summer 
Tudor, French. etc. For modest to country-estate budgets. 192 pages $4.35 and winter fun. From 480 to 3238 sq. ft. 176 pages, 120 in full color. €4 95 


Mail HOME PLANNERS, INC. 
Dept. Bk - 23761 Research Drive 


i Today Farmington Hills, Michigan 48024 


2 Please ship to me by return mail (circle choice} ] 


315 One Story Homes Under 2000 So. Ft. @ $4.95 


erm nm 


wis -———* M LL 


s miim, 
5 
IOMES — Cape tox War T 


A. 210 One Story Homes Over 2000 Sq. Ft. (à $4.95 


س 
Contemporary versions nes‏ 


150 1% Story Homes @ $3.95 


1 
2 | 
э Е 
budget and country-estate- sections Expandable tarry Prin 128 pages BS 95 4 360 Two Story Homes @ $6.95 | 
F үй” 5 215 Multi-Level Homes @ $4.95 i 
ied " 
^4 І б 223 Vacation Homes @ $4.95 PSM83 | 
© Ж. B t 
| 11. 7 Complete Collection @ $19.95 (Saving $10.75) 
га - лый | Name І 4 
Ф СТУ am à таи; ar | 
360 TWO STORY ird -- - — EE Oxe5 Gambr els, Mansarus, Georgi ET i a City = A == Эр; 
Farmhouse adaptations. Also Contemporaries. For all budgets. 288 pages $6.95 9 © | 
е А State Zip 
ALL SIX CATEGORIES — NEN $19.95. Get each of the six gul- in Салайа тайла: ` ADD $1.00 POSTAGE AND HANDLING | 
peg plan books. Over 1250 designs. 4050 illustrations. 1168 Home Planners, Inc Mich. residents к 
pages. А $30.70 value. save $10.75. Blueprints available for each de- 20 Cedar St. М. add 4% sales tax $ 


Kitchener, Ont. NAH ZWA Check enclosed for 
-— шш шыш A шыш иш AA Е Шш ШШ 


sign al low cost. Star! your home planning program now 
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Autofocus hocus-pocus 
[Continued from page 72 | | 


subject remains within the depth-of- 
field zone, the results will be in ac- 
ceptably sharp focus. But if the subject 
"escapes" the zone, the resulting photo 
will be out of focus. For any camera, 
experience with a variety of subjects 
is the best guide to its follow-focus 
capability. 

A new feature of particular inter- 
est to sports and wildlife photogra- 
phers is the "focus trap" mode of the 
Yashica 230-АЕ To use it, you man- 
ually preset the focus to any chosen 
distance and depress the shutter re- 
lease. When a moving subject —say a 
runner or a bird—reaches the focus 
zone, the shutter automatically trips. 


Creativity vs. convenience 


In the early days of autofocus, pho- 
tographers criticized the cameras for 
peremptorily focusing on the nearest 
target. Ап acquaintance of mine com- 
plained, “You wont be able to make 
an autofocus picture of a lion in a cage 
because the camera will always focus 
on the bars.” Also, the first AF sys- 
tems focused only on the center of a 
scene. Consequently, this area was al- 
ways sharply recorded, regardless of 
the visual effect desired. It was im- 
possible to make an Arnold Newman- 
style "environmental portrait," with 
an off-center subject in sharp focus. 

This limitation was quickly elimi- 
nated with "focus lock," which is now 
standard on virtually all AF cameras 
and allows photographers to place a 
subject in the corner or side area of a 
picture (see photos). 

Chinon America takes a different 
approach. To eliminate the need to re- 
compose, which may be confusing to 
people who aren't familiar with cam- 
eras, the company installed three in- 
frared beams on its Auto 3001 camera: 
a center beam and two side ones. The 
camera's microprocessor picks the 
nearest target for its focusing opera- 
tions. If the photographer wants a dis- 
tant object to be in focus, with a fuzzy 
foreground, he presses a small green 
button on the back of the camera. The 


| system then voids the side readings 


and relies on the center beam for dis- 
tance calculations. 

Autofocus technology continues to 
evolve rapidly under heavy competi- 
tive pressure. The systems currently 
available provide good results most of 
the time. In many ways, autofocus has 
replicated the success of automatic ex- 
posure: Photographers initially re- 
sisted it and are now wondering how 
they ever got along without it. But as 
with automatic exposure, no autofocus 
device is perfect, nor can it make aes- 
thetic decisions. There will always be 
times when the serious photographer 
decides to focus manually. Gs] 


“. 
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Video phones 
e 62] 


cial high-speed data lines needed by 
previous systems. 5o why is Takei, 
manager of Japan’s largest telephone 
company, now smiling at me? “But we 
expect people will use the phone more 
often and for longer periods of time.” 


Tough call 


While NTT and Sony have been of- 
fering the Teleface in Japan since late 
last year, its success is still in doubt. 
“Its simply too early to tell,” says Takei. 
And Mitsubishi’s VisiTel is so new that 
many owners are still reading the in- 
struction manual. 

Even American Telephone & Tele- 
graph, with its years of experience with 
Picturephone, seems to be divided. For 
example, spokesman Doug Fenichel is 
skeptical. “From our focus group stud- 
ies, we found that it's not something 
people really look for to put in their 
homes," he says. 

Yet spokeswoman Daisy Ottmann 
explains, "As the price of equipment be- 
comes lower, I think, like with the per- 
sonal computer, people will want to 
try it.” 

Despite such diverse opinions, no one 
I spoke to lacked potential uses for this 
new communications tool. While tele- 
reunions were at the top of everyone's 
list, I learned of other reasons for using 
a video phone. For example: 
€ Call a mail-order catalogue service, 
then enter the stock number of the item 
you're interested in. The pictures that 
follow give you more details on the item 
and how to order it. 

9 Call the tourist information bureau 
for a particular city you'd like to visit 
and tell them what you'd like to see. 
The bureau sends a map showing you 
how to get there. 

è Call a real estate broker and he saves 
you time by sending photos of new 
homes. 

€ The deaf communicate by using sign 
language. 

е No more blind dates. 

Also, future video phones could be 
used with other peripheral equipment. 
For instance, add a printer to make per- 
manent copies of incoming pictures. 
Add your camcorder to supplement out- 
going images. The video phone would 
let you send snapshots from your re- 
cent home "movies." 

But dreamers like Mitsubishi's 
Brisko are past these ideas. He's al- 
ready thinking about high-speed color 
models that use digital data-compres- 
sion techniques. “This is the first one. 
It's a start," he says. "It will only get 
better.” 

A new and exciting form of home 
communications? “Yes,” says AT&T's 
Ottmann. Then she adds: “But only if 
you believe a picture’s worth a thou- 
sand words.” Gs) 
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Be a LOCKSMITH! 


"Before enrolling 1 
checked other courses 


Be Your Own Boss 


| | | d alio asked 
...IN YOUR OWN BUSINESS! Алл 
tbe professional 


Hundreds we ve trained have succeeded in this 
fascinating and highly profitable profession . . . 
.Y OU Can Do It, Too! 


^No more hard, nasty work for me. 
Now I have my own business and with 
hardly any effort 1 average around $50 
а day. Thanks for my new start in life." 
Sam Walker Prichard, Alabama 


locksmiths in my area. 
They all said Foley- f 
Belsaw was tops and bas ` 
the most versatile 
Key Machine. 

"I always 
wanted to have 
my own business 
and now I do, thanks to Foley-Belsaw." 


David Fairbrother—Dave's Locksmith Service 
Milwaukee, Wisconsin 53209 


Work Part Time, Full Time — Right at Home. 


“1 opened my own business, spare 

time, seven months after | enrolled and 

made a profit of $329 for the first week.” 
В. A. Deberry Littleton, Colorado 


Get into this booming high-profit business that’s 
Easy to learn — Easy to do — Easy on You! 


Never before have money-making opportunities been so 
great for qualified Locksmiths. Now lucrative regular 
lock and key business has multiplied a thousandfold as Со 
millions seek more protection against zooming crime. | 


Included With Your 
Locksmith Training 


Yet there's only one Locksmith for every 17,000 people! ALARM 
Make Up to $26.00 an Hour — even while learning! SYSTEMB 


Train FAST at Home! 


You're "in business" ready to earn $10 to $26.00 an 
hour a few days after you begin Foley-Belsaw's short- 
cut training. Take advantage of today's unprecedented 
opportunities in locksmithing for year-round EXTRA IN- 
COME in spare time — or fulltime in a high-profit busi- 
ness of your own. Hundreds we've trained have done 
it. So can YOU! А!! tools plus professional Key 
Machine given you with course. These plus practice 
materials and equipment, plus simple, illustrated les- 
sons, plus expert supervision, plus business-building 
aes will enable you the KEEP THE MONEY 
OMING IN! Ideal for retirement — good jobs, too. 
SEND FOR EXCITING FACTS—No Obligation 

Discover what's in Locksmithing for you — how Foley-Belsaw's 
master-locksmith-approved training can give you the skill you 
can depend on to EARN MORE — ERST LIFE MORE. | 7 

a TER ALL SPECIAL TOOLS AND 


— PEAY 2 ZA _ EQUIPMENT INCLUDED! 


| training. Covers 
all phases of 
Burglar, Hold-Up 
and Fire Alarm 
servicing and in- 
stallation. This 
valuable and 
timely instruction 

includes all special tools and 
supplies. ONLY Foley-Belsaw offers 
such extensive training in this 
rapidly expanding field as a part of 
your Locksmith training. 

ADVANCED Locksmithing! 
How to change combinations, in- 
stall and service Safe, Vault and 
Bank Safe-Deposit Box locks. 
You'll find it fascinating and high- 
ly profitable work. 


This Pro Key Machine can 
alone add up to $200 a 
month to your income... 
and it won't cost you a pen- 
ny extra with your training. 


Find out all about it! 


Just fill in and mail coupon below (or send post- FOLEY. BELSAW INSTITUTE 


6301 Equitable Rd., Dept.11 
Kansas City, Mo. i20 


RUSH 
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Blimps (Continued from page 59] 


the big ship languidly near the tar- 
mac. Henry explains our unexpected 
manuever: “A blimp wants to stay 
where she is. Other than venting ex- 
pensive lifting gas [helium], the only 
way to get her down is to put her into 
what's essentially a controlled, slow- 
motion crash in which you descend 
under power, and then pull up when 
you near the ground.” 


Power plant 


Airship Industries’ Munk describes 
the blimp’s power-plant system fur- 
ther: “The Sentinel 5000’s diesels, 
which have a high power-to-weight 
ratio, run efficiently at lower power 
levels so they will be employed at 
cruise speeds—about forty knots, or 
nautical miles per hour. The turboprop 
comes into its own at higher speeds 
—eighty knots—so it will be used in 
a "sprint" mode—that is, to put on a 
burst of speed when it's required." 

A Navy official familiar with the 
program suggests another use for the 
so-called sprint turboprop: “It'll be 
used to maintain relative position 
when the airship is matching speed 
with a ship during refueling opera- 
tions. With the ducted fans tilted up 
at 45 degrees so they're simultaneou- 
sly driving the blimp forward and 
maintaining a hover, you'd put the 
-sprint prop in reverse to hold the air- 
ship in position. The combination of 
downward and opposing thrusts gives 
the airship better controllability at low 
speeds. 

"As yet," he adds, "it's still unde- 
termined whether the JP-5 jet fuel will 
be pumped up to the airship through 
a hose that's been winched up by cable 
or whether it'll brought up in 150- 
gallon fuel bladders. Either way, re- 
fueling must be routinely repeatable 
or all bets are off.” 

One problem with long-duration air- 
ship flights concerns maintaining the 
equilibrium between the ship's lift and 
its weight as fuel and supplies are con- 
sumed. Airship Industries engineers 
are installing a system to recover water 
from the propulsion engine exhaust so 
that water ballast can be added dur- 
ing flight. For each pound of fuel that's 
burned, the water-recovery system will 
be able to condense about an ounce of 
water from the water vapor that's 
produced. Though the particular con- 
denser design has not yet been se- 
lected, it's thought that the apparatus 
will be composed of high-temperature- 
resistant ceramics. 


All the comforts of home 


When Pat Henry was in the Navy 
during the early 1960s, he flew the 
ZPG-2W, a 365-foot-long Goodyear na- 
val patrol airship. While the ZPG-2W 
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performed its missions well, Henry 
says, cruising for days hundreds of 
miles out to sea in the cramped, en- 
gine-vibration- and noise-wracked gon- 
dola took its toll on the men. “After 
about thirty-six hours, you became 
numb,” he says. “You did adjust to the 
vibration after a time, but there’s no 
question that the crew’s efficiency de- 
clined the longer you flew.” 

Airship Industries’ Munk is aware 
of this problem. “We need an order-of- 
magnitude improvement in the hab- 
itability of the crew quarters and 
working areas beyond that of previ- 
ous blimps if we're going to send the 
crews out on 30-day missions and not 
have them end up in mental asylums. 
That's why the Sentinel 5000 will have 
a wide-body, multi-deck cabin that's 
heavily insulated from engine noise 
and vibration. In addition, the crew's 
compartment will be pressurized, 
which will also help maintain their 
efficiency at higher altitudes." 


Non-metallic materials 


To hold down weight, radar reflec- 
tance, and electromagnetic interfer- 
ence caused by emissions from the 
Sentinel 5000's radar system, non- 
metallic composite materials will be 
used throughout the ship, says Munk. 
They'll be used in the gondola (which 
is to float in water if ditched, by the 
way), the radar support on its roof- 
top, the hull nose cone, and the four 
tail fins. "We'll be using unidirectional 
fiberglass and aramid fibers as well 
as Nomex honeycomb cores," Munk 
goes оп to explain. “They'll also be 
some carbon fiber, but we'd prefer to 
use none because it's conductive, 
which enlarges the blimp's radar sig- 
nature and makes it more vulnerable 
to lightning strikes." 

In other subsystems as well, non- 
metallic materials will be employed, 
the Airship Industries technical direc- 
tor notes. "We've gone with fly-by-light 
flight controls rather than traditional 
heavy wire cables or electrical wiring. 
This means that all signaling between 
the various avionics components will 
by sent through glass-fiber optics 
lines," says Munk. “Likewise, we'll use 
pneumatically powered actuators fed 
by non-metallic air hoses" rather than 
electric servomotors to move such 
items as tail-fin flaps. 

The gigantic flexible hull itself will 
be composed of a multi-laminate fab- 
ric that will weigh half as much as 
earlier rubberized materials. On the 
exterior, there will be a Tedlar aramid 
weatherproofing layer; next, a Dacron 
polyester heavy fabric to bear loads; 
and finally, a Mylar plastic film which 
will serve as a gas barrier. These layers 
will be bonded together with a spe- 


cial adhesive to form a lightweight, 
gas-tight, tear-resistant skin. 

"There will be a number of minor 
refinements to the aerodynamics of 
the airship," Munk notes. "For in- 
stance, the Sentinel 5000 will be 
slightly fatter than traditional airship 
designs. This gives the blimp envelope 
better resistance to bending caused by 
wind gusts but entails no significant 
drag penalty. In addition, the tail fins 
are placed slightly farther forward 
than usual. Traditionally, airship de- 
signers figured that the farther to the 
rear the fins are positioned, the greater 
lever arm [or torque acting around the 
center of the ship] they provide. But 
we think that this arrangement just 
bends the bag more, which counter- 
acts any gain you might have gotten. 
With the fins placed closer to the nose, 
they extend farther out into cleaner 
[less-turbulent] air, making them more 
effective in maneuvering the ship." 

"The Sentinel 5000 will be fitted 
with a large classic antenna inside the 
gas bag so that the system can cap- 
ture as much power as possible that's 
reflected back by small targets such 
as anti-ship missiles," explains a well- 
placed Navy source who did not want 
to be identified. “The signals will then 
be fed to an off-the-shelf radar sys- 
tem similar to the one installed in the 
E2-C Hawkeye patrol plane. The large- 
aperture antenna will also allow us 
to concentrate the beam's power to a 
greater extent. The battle group's en- 
larged radar horizon—from 70 to 80 
miles with the airship at 5,000 feet 
—will greatly increase our reaction 
time to the approach of missiles. The 
earlier a ship is alerted, the more time 
it has to decoy or destroy the missile. 
Currently, a typical surface vessel can 
distinguish incoming sea-skimming 
missiles from about 20 miles away." 


Stealth blimps? 


Despite the seeming emphasis on 
radar-transparent non-metallic mate- 
rials, with its big metal radar dish 
spinning inside the huge fabric hull, 
it’s reasonable to believe that Senti- 
nel 5000 will be what one expert called 
“a gigantic radar target in the sky.” 
This concerns the Navy less than one 
might suppose. “We anticipate that the 
radar will be operating most of the 
time,” says the Navy official, “so the 
blimp’s true radar signature is really 
its radar emissions. This is because 
radar emissions can be detected by an 
enemy's receiver from much farther 
away than the distance from which he 
can detect the reflected echoes of his 
own radar emissions. We don't think 
the airship’s passive radar signature 
is that important. Even if an enemy 
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detects the airship, that doesn't tell 
him where the battle group is. 

“If the passive radar signature does 
become a concern," he continues, “we 
could replace the metal dish with a 
conformal phased-array radar system, 
which is composed of many small in- 
dependently directable radar emitters 
positioned in a grid on a surface. When 
they're shut down, these small anten- 
nas together reflect back much less 
radar signal than the large metal dish. 
That way, you'd avoid having that big 
flat metal face out there. The phased- 
array radar system might be mounted 
on the external envelope or on an 
inner gas bag." 


Pop goes the blimp? 


But can blimps, with their total de- 
pendence on tremendous inflated fab- 
ric bags, survive the rigors of modern 
warfare? Of course, because nonflam- 
mable helium lifting gas is now used 
rather than flammable hydrogen, the 
notorious image of the burning Hin- 
denberg crashing to the ground is a 
thing of the past. "Everybody has this 
idea that an airship is like a party 
balloon," Munk says. “You know, stick 
a pin in it and it pops. Well, an air- 
ship has so much helium in it at such 
a low pressure [about 0.05 psi, less 
than the pressure inside a flat tire] 
that if there is a hole in the envelope, 
outside air slowly leaks in, contami- 
nating the lifting gas and making the 
vehicle lose lift. It's a slow process 
because a rupture normally takes 
the form of an L-shaped tear in the 
fabric rather than a hole. Usually, re- 
pairs can be made or at worst the air- 
ship makes a controlled, slow-motion 
ditching. 

“In the first world war," the Brit- 
ish airship designer continues, “а 
French airship broke down right over 
a German machine gun emplacement. 
Well, it was target practice for the 
Germans. Nevertheless, the blimp flew 
back 150 miles to its base and made 
a safe landing. Afterwards, the French 
counted 250 bullet holes." He hesitates 
a beat. "To be honest, our Skyships 
are collecting several bullet holes every 
time they make a flight. I guess some 
farmers and hunters can't resist tak- 
ing a potshot at that big a target. 

"Another common question about 
airship survivability concerns their 
ability to weather severe storms at 
sea," Munk says. "The fact is, you can 


| fly through extremely bad weather in 


a non-rigid airship. The U.S. Navy 
proved this in the 1950s and '60s when 
they actually sought out heavy storm 
activity in the North Atlantic in which 
to test the blimps' airworthiness. 
“Ап airship," he continues, "is 
most vulnerable during takeoff and 


landing or when it's near the earth's 
surface—for refueling, for example. 
Obviously, in worst-case weather con- 
ditions, this is something to avoid. But 
fortunately, the bigger the blimp, the 
fewer stops it has to make for fuel or 
supplies." 


Sentinel's other roles 


While the Navy cruises ahead on 
airships, it's also planning for the more 
distant future. According to Navy offi- 
cials, if the Sentinel 5000 proves ef- 
fective in its missile-spotting role, 
secondary missions would be tried 
out. "It could be used as a line-of- 
sight UHF-communications relay plat- 
form for contacting forces positioned 
over the horizon [and out of range of 
other secure communications frequen- 
cies|," an officer tells me. "Another 
secondary function would be to em- 
ploy the blimp as a tactical control 
center for the battle group when it's 
conducting operations against enemy 
surface ships." 

Future applications for follow-on 
naval airship models include anti-sub- 
marine warfare and mine-sweeping 
missions. "Airships have great staying 
power, so submarines cant just lie 
quiet until the pursuit leaves," Leusch- 
ner notes. "I dont think we'd want an 
airship to tow a mine-sweeping sled 
because the cable causes maneuver- 
ability problems, but they might be 
useful in other anti-mine roles," he 
adds. 

"The Air Force is monitoring our 
program to see whether airships might 
be of use for continental air defense," 
Leuschner says. “They're looking to fill 
gaps in future coastal radar surveil- 
lance networks designed to pick up 
cruise missiles launched from subma- 
rines. Meanwhile, the Coast Guard 
might like to use airships to patrol 
the 200-mile coastal economic zone 
we've set up around our shores," the 
admiral says, "and the Customs 
Service may be interested in using 
blimps to stop seaborne drug-smug- 
gling activities." 


Return to rigids? 


"Every new mission we contemplate 
drives the payload, and therefore the 
size of airships, upward," notes Leusch- 
ner. "At some point, you enter the 
realm of rigid airships like the Graf 
Zeppelin and the Hindenberg, which 
can lift more than non-rigids" because 
a rigid's stiff but lightweight inter- 
nal framework spreads the load to its 
lifting gas sacs more evenly than do 
the support cables that connect the 
blimp's gondola to its gas bag. In high 
gusts, an overburdened blimp can bend 
in the middle—a phenomenon called 
the “banana effect.” “Unfortunately, 
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nobody really knows where that 
transition threshold is,” the admiral 
concludes. 

Norman Mayer, airship engineer 
formerly with Goodyear-Zeppelin and 
the Navy, who is consulting for his 
old service on the program, says this 
about a size limit of blimps: “The tech- 
nical limit to a blimp’s size has to do 
with the strength of the envelope fab- 
ric and its seams. Га say that the size 
limit falls somewhere between twice 
the size of present airships and the 
size of the Hindenberg [803 feet in 
length and over 7 million cubic feet 
in volume]." 

Modern rigid-envelope airships are 
not merely the pipe dream of some 
wild-eyed airship engineer. Under 
Navy contract, Boeing Military Air- 
plane Co. prepared a proposal to build 
an unusual type of rigid airship (see 
photo). The Boeing Airship design 
features a rigid advanced-composite 
frame to which a composite skin is at- 
tached. Unlike traditional rigid air- 
ships in which the outside envelope 
is a mere covering, the skin of the 
new design (called by some a ‘rigid 
blimp? carries the shear loads for the 
structure. 

Civilian airships 

"The Naval Airship Program may 
serve as a spur to civilian airship use 
because it would provide an industrial 
base," Mayer says. "One possibility is 
using large airships for remote log- 
ging and other heavy-lift hauling 
operations. These applications look 
attractive if you can get a reliable 
vehicle," he comments. "Several small 
firms are studying this application, es- 
pecially in Canada.” 

Mayer recently completed a study 
project for Resorts International, a 
gambling casino in Atlantic City, N.J., 
to evaluate the possibility of using 
blimps to shuttle gamblers back and 
forth from New York City. “Resorts 
wanted a 200-passenger blimp, but of 
course, there weren't any to buy," he 
says. The company actually purchased 
a Skyship 600 blimp from Airship In- 
dustries for tests (as well as advertis- 
ing), but financial problems halted any 
further efforts. It’s estimated that a 
Sentinel 5000 converted to a passen- 
ger configuration would be able to 
carry from 120 to 200 people, depend- 
ing on the range. 

We've long been fascinated by these 
huge, yet insubstantial craft that float 
so serenely in the air, but for years 
the airship seemed to be a curious aer- 
ial anachronism just waiting to die 
off. Now the stately and venerable 
airship may regain some special niches 
in a sky crisscrossed by supersonic 
aircraft. 
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Energy Q&A 


By JAN F. KREIDER 


Do-it-yourself solar cell 


I indicated in the May '87 "Energy Q | 


& A’ that a homemade solar cell could 


not be built. But I stand corrected. | 
Reader Leroy Cordill of Bartlesville, 
| Т have two wind-driven turbines on my 
| roof to ventilate the attic. Should these 
| be plugged up during the winter? The 
| attic floor is insulated and there are 


Okla., wrote to tell me of a method 
for making your own solar cells from 
copper. While efficiency is poor, you 
could study the photovoltaic effect 
using this approach. The details are 
covered in the Amateur Craftsman's 
Encyclopedia, pp. 286—289. This book 
was published by POPULAR SCIENCE in 
1937 but is no longer in print. You may 
be able to find a copy in your local 
library. 


Heat pump vs. electric heat 


All that I have read on heat pumps 
tells me that they are much more ef- 


| ficient than conventional electric heat. 
| How would you compare the two as 


far as costs go? 
Stephen Е Orban, Maywood, N.J. 


Electric heat is cheaper to install but 
more expensive to operate than a heat- 


| pump system. The larger heat pump 


companies can make this comparison 


| for many areas of the country using a 


computer program at their central sales 
location. They can tell you how much 
electricity would be used by the heat 
pump as well as by the resistance ap- 
proaches. Multiply the difference of 
these two kilowatt-hour values by the 
cost of your electricity to find the sav- 
ings per year. Divide this number into 
the difference in installation costs 
to find the number of years it will 
take the heat pump to pay itself off in 
energy savings. Note that this calcu- 
lation ignores any air conditioning pro- 
vided by the heat pump. 


Sun-powered cooling 


I have a well-insulated all-electric 
home that I heat with wood in the 
winter. However, summer air condi- 
tioning is expensive. Where can I get 
information on solar-powered air- 
conditioning systems? 


Mark Bowen, Sulligent, Ala. | 


Solar cooling systems are expensive. 
You should make sure that the extra 
cost of such a system would be offset 
in a few years by electricity savings. 
The only manufacturer of residential- 


sized solar-powered systems I know | 
is the American Yazaki Corp. (6700 
Haggerty Rd., Canton, Mich. 48187). 


| Turbine plug-up? 


ventilation openings under the eaves. 
Albert J. Schwalm, Houston, Texas 


There is no need to plug your ventila- 
tors. Since your attic is already open 
to the out-of-doors, one opening more | 
or less won't make any difference. The 
thermal barrier is the attic floor. 


Elusive valve 


We have a wood boiler and hot-water 
baseboard system to heat our home. 
Because of the system design, a pump 
is necessary to circulate water to the 
baseboards; gravity will not do the job. 
Our heating contractor has proposed 
a bypass system to avoid boiler over- 
heating during a power failure, but a 
reverse-acting zone valve is needed. I 
am not able to find one. 

Bruce Stewart M.D., Ithaca, N.Y. 


The valve you want is a normally open 
three-way valve. You can find this valve 
where components for commercial- 
building heating-and-cooling control 
systems are sold. For your specific ap- 
plication, plug the third piping con- 
nection because you need only the two 
that pass fluid when power is off. 


Confusion in the South 


I understand the logic of using a vapor 
barrier on the inside of the insulation 
so that moist air does not penetrate 
the insulation and condense therein. 


| But what about in Southern climates? 


A local contractor told me about a two- 
year-old house whose studs were found 
to be rotting even though a tight vapor 
barrier had been used. 

James Ferron, Knoxville, Tenn. 


The guiding principle in vapor barrier 
positioning is to place the barrier on 
the high-vapor-pressure side of the in- 
sulation. This will ensure that water 
vapor cannot reach a point in the in- 
sulation where the temperature is at 
or below the dew point. In Northern | 


climates the barrier must be located 
on the interior of the insulation. How- 
| ever, in climates such as yours, the lo- 
cation of the high-vapor-pressure side 
of the insulation changes from sum- 
| mer (the outer side) to winter (the inner 
side). Southern architects and engi- 


| neers with whom Гое talked suggest | 


that the vapor barrier is less im- 
portant than in the North and can be 
eliminated tf an air barrier (such as 
Tyvek) is used to control infiltration. 


Electric-home savings 


Faced with the large electric bills of 
an all-electric home, I have installed 
several energy-saving devices. Now 
I am considering a heat- -pump water 
heater. My water heater is located 
|in my attic where the temperature 
is quite high. Can the add-on heat- 
pump heater pay for itself in two to 
five years, as is claimed? 

Name withheld, Weatherford, Texas 


If the unit is installed properly—and 
if your utility rates are typical—in your 
area the economic advantage of this ap- 


proach versus direct resistance heat- | 


ing is significant. With a coefficient of 
performance of 2.5, you will pay only 
40 percent as much for electricity for 
heating water. Compare the resulting 
60-percent saving with the installed 
cost of the heat-pump unit to determine 
| your payback. 


Which insulation is right? 

My parents' house has a partial crawl 
space that must be insulated to keep 
the house warmer in winter. What 
insulation performs best and where 


should the vapor barrier be placed? 
Scott T. Pelfrey, Columbus, Ohio 


The vapor barrier should be placed 
next to the floor with the insulation po- 
sitioned beneath. Fiberglass batts held 
in place with chicken wire or hardware 
cloth can be used for insulation. Pol yi- 
socyanurate foam board could also be 
used; it would be nailed directly to the 


Your home 
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BIG... 


Earn Extra Income | 
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4-IN -1 
Power Feed SEND FOR 
Power Tool. FACTS TODAY! 


PLANE e MOLD e SAW e SAND 


Four power tools in one — a real 
money-maker for you! 


The Planer/Molder/Sander/Saw is a 
versatile piece of machinery. It turns out 
profitable precision molding, trim, floor- 
ing, furniture... in all popular patterns. 
Rips, planes, molds, sands separately... 
or in combination. Used by individual 
home craftsman, cabinet and picture fram- 
ing shops, lumberyards, contractors and 
carpenters. 

Never before has there been a four- 
way, heavy-duty woodworker that does so 
many jobs for so little cost. Saws to 
width, planes to desired thickness, and 
molds to any choice of patterns. Sands to 
a satin smooth finish. Provides trou- 
ble-free performance. And is so simple to 
operate even beginners can use it! 


SEND FOR 
NO OBLIGATION-NO SALESMAN WILL CALL 


RUSH COUPON Foley. -Belsaw Со. 
TODAY! 


Kansas City, Mo. 64120 


Foley-Belsaw Co. 

6301 Equitable Rd. 
Dept. 91274 

Kansas City, Mo. 64120 


 ВЕШЅИШ 


Ш YES, please send me the FREE Booklet that al 


gives me complete facts about your. Гіап- 
er-Molder-Sander-Saw and full details on 
how I can qualify for a 30-Day Free trial 


Equitable Rd., Dept. 91 214 SEND TO: 
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MUST LIQUIDATE 
AT BIG АНЯ | TO YOU! 


529X TELESCOPE 
W/ELECTRONIC FOCUS 


Dramatic Closeups! Stars, planets, the 

Moon's unique craters, and mountain 

ranges leap into clear view with this 

TASCO Model 59T Refractor Telescope. 

A mír's closeout means HUGE savings! 

Order yours today for great family viewing 

at our LOW price! 

e 60mm Aperture, 700mm Focal Length. 

e Smooth Electronic Focus with Hand- 
Held Control Brings Highly Magnified 
Subjects Into Clear View so Easily. Runs 
on 2 "AA" Batteries (Not Іпсі.). 3° cord. 

è Interchangeable Eyepieces: 4mm, 
12.5mm. 

e Зх Barlow Lens Magnifies Image 3 Times. 

ө 5x, 4mm Finderscope with Crosshairs 
for Pinpointing Subjects with Ease. 

e Diagonal Prism for Overhead Views. 

® 1.5 Erecting Eyepiece. 

€ Adjustable Metal Tripod, Access. Tray. 

e Includes 2 Rand McNally Color Maps, 
40 Page Information Booklet, Instructions. 


Ltd. Lifetime Mfr.’s Warranty. 


Item H-3158-7347-016 S/H: $9.50 ea. 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 


Authorized Liquidator | 
1405 Xenium Lane N/Minneapolis, MN 55441-4494 
Foie Tasco Telescope(s) Кет H-3158-7347-016 at 
$139 each, plus $9.50 each for insured shipping, handling. 1 
(Minnesota residents add 696 sales tax. ,no CO 
orders.) ~ | 


О My check or money order is enclosed. (No delays іп 
processing orders paid by check.) 
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| БЕ o E с) с СИ | 


floor Joists. H eating ducts should be right in my own shop. I understand there is |] i 
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дап, F. Kreider is a consulting engineer specializing in the | Nam | i Name ——— i 
esign and economic analysis of energy-conservation systems. 
He 15 the author of several books on solar technology and a Address  Apl# i 
lecturer at the University of Colorado. Every other month he Address e | 
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Backyard 
retreat 


Redwood lattice panels add a breezy charm 
to this decorative gazebo with a deck that 
gets you comfortably off the damp lawn. 


By LOIS POPPE 


hat could be better than drinking cool lemonade 
and relaxing in an airy backyard gazebo that also 
offers a bit of privacy from close neighbors? Using 
low-maintenance redwood lumber and lattice panels (in two- 
by-eight- and four-by-eight-foot sizes), a homeowner with 
basic carpentry skills and tools can build this structure in 
a couple of weekends. You can decide whether to build the 
gazebo as a cozy corner retreat or as a central backyard 
focal point; my choice was the latter. The redwood lattice 


Building the 
; KABBET EDGE 
backyard FOR LATTICE” 
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PANELS , HINGED 


Ф Же, ا‎ 
bo- 2 ا‎ Ф 


X. X 


114 | POPULAR SCIENCE FASCIA 


OOOO | 
Ф е. £ a ; ' ы? ا‎ e SAA 
Ф Ф Ф. DAMM © 
OE QOO 
x PS XOX a NN 


3A x6 ZINC = 
PLATED BOLTS 
NUTS, AND 
WASHERS 


AOS 02006 > 


Ф Ф 


It's a good idea to cover the ground under the structure 
with a heavy-grade plastic ground cover held down by 
gravel or rubble (above) to prevent the growth of weeds. 


YOUR CHOICE OF ATTACHING 
LATTICE PANELS TO POSTS 


LATTICE 


NAIL NARROW ^ 
CLEAT FIRST 


jALVANIZED 
INISHING 


WIDE 

i EY 
USING DADO- USING BEVELED PANEL IN 

GROOVED 2x2 CLEATS PLACE 


DRAWINGS BY GERHARD RICHTER 


provides dappled shade (augmented by nearby trees) while Е 


letting cooling breezes waft through. 

To build the gazebo, set the outer 
posts of the structure first, making sure 
they are plumb before setting the ad- 
ditional front deck-support posts in line 
with them. I set the posts three feet 
into the ground without using concrete. 

Use zinc-plated carriage bolts for ad- 
ditional strength and rust resistance 
when attaching the 2 x 6 deck-support 
stringers to the support posts. Nail on 
the front 2x 6 facing, which will sup- 
port the front deck 2 x 4. 

When I laid the 2 x 4 deck boards, I 
left a Y&-inch space between boards for 
drainage. Wait until the deck is at- 
tached before trimming the 2 x 4s to 
match the structural angles. Give the 
top of the structure a front-to-back 
slope of about seven inches (or five per- 
cent) to give an illusion of spaciousness. 

When it's time to attach the upper 
front 2x6 facing, be sure the front 


posts are the same distance apart at 
the deck and at the top. Nail on 2 x 4s 
to complete the top framing after rab- 
beting their inner faces to take the 
overhead lattice sections. Vertical lat- 
tice sections can be attached to the up- 
right framing in one of two ways, 
depending on the tools you have. Ei- 
ther cut a groove in 2 x 2s the width of 
the lattice, as shown, or nail beveled 
cleats on each side of the lattice. One 
edge of each vertical 2 x 2 or cleat will 
need to be cut at an angle its full length 
to match the angle it will set against 
the 4x 4 post. 

The lattice sections can be easily cut 
with either a handsaw or power saw, 
but handle the panels carefully to avoid 
dislodging the staples used in their con- 
struction. I designed the two front side 
sections at a shorter 45-inch height to 
give the structure a more open, airy 
feeling. The back panel is in two sec- 


tions, with the top one hinged so you 
have the option of closing it for addi- 
tional screening or dropping it for more 
ventilation. To wind up construction, 
you can add triangular decorative trim 
at the upper front corners. 

When the structure is completed, 
apply a preservative like Woodlife. Af- 
terward, you can apply a redwood stain 
if you wish to retain the red color. If 
no stain is applied, all redwood gradu- 
ally changes to a weathered gray color. 

Your own personal touches complete 
your leisure retreat. Twin cushioned 
redwood chairs on the deck invite back- 
yard relaxing, and a matching chaise 
lounge may attract sunbathers to the 
semiprivate area in front of the struc- 
ture. The intriguing design of the red- 
wood lattice invites creative use of the 
remaining scrap, such as forming a 
border trim along the front of an ad- 
joining flower bed. 


Stop! Is an LED - 


А light-emitting diode would be the 
last thing on your mind when a speed- 
ing car cuts you off and suddenly 
brakes. But it may be responsible for 
making you brake earlier, maybe 
harder, than usual. Stop lamps using 
high-intensity LEDs—some producing 
light up to 10 times as intense as con- 
ventional LEDs—may make driving 
safer as taillights take on a richer 
glow. Many say the new LEDs produce 
a more conspicuous and pleasing red. 

The Nissan 300ZX was the first car 
to use them—for the center high- 
mounted stop lamp required in new 
U.S. cars since the 1986 model year. 
General Motors Corp.s Fisher Guide 
Division (Anderson, Ind.) has devel- 
oped a similar lamp for the Corvette. 
With only the price barrier to over- 
come, other car makers are likely to 
follow. 

High-intensity LEDs aren't brighter 
than incandescent brake lights; fed- 
eral law requires output to fall within 
a certain optic range. But they "appear 
much brighter," says Ken Matsumoto, 
director and general manager of I I 
Stanley Co., Inc. (Battle Creek, Mich.), 
one of the world's leading producers 
of high-intensity LEDs. 

Engineers have thought of using 
LEDs in automotive lighting for a 
number of years. Their size allows de- 
signers much more flexibility: А typ- 
ical LED element is about twice the 
size of a match head. LEDs also con- 
sume less power than incandescent 
bulbs, says Gene Wright, a staff proj- 
ect engineer at Fisher Guide. "They're 
immune to vibration," he adds. "And 


they should last the life of the car." 

High intensity is achieved by using 
aluminum-gallium-arsenide semicon- 
ductor material—instead of gallium- 
arsenide-phosphide— and concentrat- 
ing the light it emits into a beam. 
"Basically, an LED that emits a thou- 
sand millicandelas is just better colli- 
mated [or focused] than one that emits 
a lower value," says Wright. 

The center high-mounted stop lamp 
is Just the beginning. LEDs cannot 
replace white headlights and backup 
lights. They come only in red, yellow, 


BS C i 


The LED's tiny size helps streamline a center-mounted automobile brake light. 


green, and blue; so far red is the only 
color capable of high intensity. Mat- 
sumoto says the others turn into dif- 
ferent colors the more their pure hue 
is intensified. 

Unlike filament bulbs, however, 
LEDs are sensitive to temperature 
change. "As the temperature goes up, 
their output goes down, and as the 
temperature goes down, their output 
goes ир,” says Wright. "But we com- 
pensate for that." If not, you may find 
yourself braking more softly in the 
summer.—Eduardo R. C. Capulong 
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Split a cord of oak in just 2 hours 
without even breaking a sweat or a 


blister! This 1.5 horsepower 


Woodmate | operates on 110/120 volts 
and exerts up to 10 tons of hard-core 
splittingforce! Splits logs up to 28" 


long! 


Features: 


* 1.5 Black & Decker electric Compare At: 


motor with hydraulic jack $899.00 


Torc 


WARRANTY! 


BLACKS DECKER MS AEC 


TABLE SANDER 


Grind edges smooth and square and put razor | wa — ' Convenient! 


sharp edges on knives, chisels and scissors! 


Great for the home workshop and do-it- Built-In Word Processing, Spreadsheet, Filing and Tele- 
yourselfers! communications--Ready Instantly Wherever You Go! 


e 
* Lightweight, portable $ As 

* Weight: 115 165, | 

a FREE log hauler 


included...a $39.00 value. 64a; Na B.643-102368 « Positive locking handle 
* FULL 1-YEAR Insured Ship/Hand.: $45.00 


PUBLIC NOTICE: 

| E | Due to manufacturer's 
! | LI Q U | D AT ч overstock, discontinued 
M U : ! merchandise, or special 


"INTERNATIONAL. INC. Ak ` AT FAR BELO 


W DEALER COST! arrangements Damark 


is able to offer you name 
brand products at FAR 
BELOW DEALER 
COST! 


HEARTH-GLO 12 


WOOD STOVE 


Warm up to а nice cozy 
12 coal/wood burning 


and accentuates any 
room's decor! 


Manufacturer's 
Suggested Retail 


Features: | $649.95 


* Splits logs up ta 2B" tong = 
* Exerts 10 tons of splitting DAMARK PRICE: * Designed to heat up to 1000 square feet wv. l^ | DAMARK PRICE: 
| * Approved for installation at 12" clearance to | i ; i à 


E 
combustibles $ | 
* Coal grate included ACT op 
* Approx. 30,0000 B.T_U. output. OCT 


 (3lass door with safety mash 


LAP-TOP | INGERSOLL-RAND 


COMPUTER | ELECTRIC IMPACT HAMMER 


A Powerful 
Lap-Top Per- 
sonal Com- 
^ puter That 
Lets You Get 
The Job Done 
Wherever It's 


Make an IMPACT on those probiem nuts and 


impactoo! will handle ail 


Features: TUN Features: | jobs, light and heavy! ү cae 
* Sharpens knives, scissors, ^ Suggested Retail « 64K RAM memory stores data. Manufacturers. S uio ч yes : 
blades, shapes chisels and $75.57 * 4 Built-In Programs included: Word suggested Retail Features: муы CES 
screwdrivers. war- Toto, Calc- То-Зо, Personal Filer $995.00 * High quality, heat treated $189.95 


and Telcom 


= Sands and finishes wood DAMARK PRICE: 
quickly and accurately. ГЕН 

* Large 3" grinding and $ | 
sanding area. 

* Adjustable sharpening angle. . 7 

* Full 2-year Warranty! уе TNO. Dont 


Modular phone, CMT 


included) 


FOR FASTEST SERVICE 
CALL TOLL FREE 


1-800-533-3379 


ADDRESS 
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Insured Ship/Hand.: $6.00 « FULL FACTORY WARRANTY! Insured Ship/Hand.: $11.50 WARRANTY! Insured Ship/Hand.: $8.00 


чей Steel gears эд. 
* Burt-In 300 Baud Modem with auto dial DAMARK PRICE: | ‚ Full power in reverse for DAMARK PRICE: 


* BO column x 16 line LCD Display removing bolts, nuts, -studs 

* Interfaces: Standard Parallel, 232C, $ and lag screws $ 
| . Lightweight cast aluminum. 

* Powered by 4 'C' Size batteries. (not : ‘ 


1/2" Square Drive. 
Order No. B-643-100156 . FULL 1-VEAR Order Мо. B-643-102012 


PRODUCT ITEM NO. р TOTAL 


McCULLOCH Log Splitter | B-643-102368 


BLACK & DECKER Sade 6-643-102360 | | sae [seo | — — 
NEC Lap-Top Computer | B-643-100156 11. | 


DELIVERY TO48U.S. STATESONLY іп MN add 6% Sales Tax 
CORPORATE OFFICE (612) 560-5415 


EXP. DATE 


Send To: DAMARK INTERNATIONAL, INC., 7714 Brooklyn Blvd., Minneapolis, MN 55443 Ш 


| | т fire with this Hearth-Glo 


stove. Conserves energy 


j Order No. B-643-102335 
» FULL ONE-YEAR WARRANTY! Insured SOHO RUN 


bolts, or your tire lugnuts, or any project where 
you need to make an impact! This heavy duty 


for this section, write Advertising Sales, Popular Science, 380 Madi- 


CALL 1-800-368-8500 


Ask for a credit application with EASIER APPROVAL 


because our VISA and MasterCard programs feature 
the Secured Deposit Account. = — 
ANNUAL FEES, NO PROCESSING FEES. am 
NO AGENT FEES. And you enjoy $500 о | 
$5,000 credit directly with a federally- -VISA 
insured bank. Call or write nowl p اکن‎ 

| | Mostorcar 
Key Federal Savings Bank га 
Вох 6056, Newark, D DE 19714 — 3 
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ADDRESS 


CITY STATE ZIP AC/PS 


Make'2510 3100 рег hour 


with 


Yes, it's really possible by making 
and selling bright, colorful Badge- 
A-Minit ons Buttons are proven 
money-makers at fairs, flea markets 
conventions, or anywhere people 
congregate. They re fast and 
easy to make with Badge-A- 
Minit and inexpensive! 

Send tora FREE full color 
catalog and idea book, or send 
for a Starter Kit. only $26.95 
plus $1.75 shipping. (IL res 
dents add $1.68 tax) 


Badge-A-Minit, Dept P3385 
348 North 30th Ad.. Box 800. LaSalle, IL 61301, Phone (815) 224-2000 


A PROFESSIONAL 


‘LOCKSMITH 


Earn money in your 
spare time or even Ya Me 
run your own Ww i 
locksmith shop! 


Train at home with the origi- 
nal Locksmithing Institute. In 
as little as 6 months' you can 
lake care of the demand in 
your community for profes- 
sional locksmiths. 
Earn while learning, too! 
In а few weeks, you'll have 
the know-how to make mon- 
ey changing locks, making keys, simple installations. 
Learn by doing 
Locksmithing Institute's tested and proven method 
makes it easy for you to learn. Each lesson is fully 
illustrated and you work with professional tools and 
materials sent to you with the course... even an elec- 
tric key machine... equipment that you will be using 
in your own locksmith shop. 
Cash in on the growing need for locksmiths 
You'll find locksmithing work all around you. And, 
with your Diploma as a skilled Master Locksmith, 
you'll start cashing in on your money making skills. 
Get the exciting profit facts by mail...no sales- 
man will ever call. Mail the coupon today. 
IF COUPON IS MISSING, WRITE: 
LOCKSMITHING INSTITUTE 


1500 Cardinal Drive, Little Falls, N.J. 07424 


l'LOCKSMITHING INSTITUTE PLEASE CHECK | 

| 1500 Cardinal Drive, Little Falls, NJ 07424 Dept 111-038 | 

| PLEASE RUSH FREE CAREER BROCHURE | 
L] LOCKSMITHING 

| OTHER CAREER COURSES AVAILABLE | 

‚ Upholstery O Insurance Adjusting!” Conservation 
1. л Legal Investigation = Interior Design L Drafting | 
j` - Color TV Electronics. ^ Fundamental c; Automotive | 
Electronics Mechanics 
| i Small Engine г: Burglar and Fire [3 Bookkeeping & | 
Mechanics Alarm Systems General Accounting 

| ; Airconditioning’ Refrigeration, Heating | 
NAME — | 

| ADDRESS -: : | 
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Service and repair E 


BEF АТ ATION! Work part time, full time right at home- we help you every step of the way. 
No experience necessary. 


In just a short time, you can be ready to join : к АЕТ da 
опе of the fastest growing industries in America You don't need to be a “born mechanic’ or have 
... an industry where qualified men are making pur expermnces If you can read, you can master 
from $25.00 to $30.00 per hour... and that's just this profitable trade right at home, in your spare- 
for labor. Parts, engines and accessories add even time, without missing a single paycheck. Lessons 
more to the profits. Because the small en- are кН) illustrated — so clear you can't go wrong. 
gine industry has grown so B EPS We guide you every step 
quickly, an acute shortage of of the way, including tested 
qualified Small Engine Pro- and proven instructions on 
fessionals exists throughout how to get business, what | 
the country. When you see to charge, how to get free | 
how many small engines are advertising, where to get 
in use today, it’s easy to supplies wholesale . . . all 
understand why qualified the “tricks of the trade’... 
men command such high all the inside facts you 
prices — as much as $49.95 need to assure success right 
for a simple tune-up that from the start. 
takes less than an hour. 

65-million small engines 
are in service today! 


Learn At Home In Your Spare Time. 


INCREASED INCOME 


That's right — there are over sixty-five million "I've had about 8 
2-cycle and 4-cycle small engines in service years experience re- 
across the U.S.A. That's the official count from pairing small en- 
the Engine Service Assn., and new engines are gines... but repairs 
being built at a rate of one-million per month! were only minor... 
With fully accredited and approved Foley-Bel- until I started the 
saw training, you can soon have the skill and | Foley-Belsaw Course." 
knowledge to make top money servicing these | 
engines. Homeowners and businessmen will Walter H. Strick 
seek you out and pay you well to service and re- Campbell, California 
pair their lawnmowers, tillers, edgers, power 
rakes, garden tractors, chain saws, mini-bikes, With our famous ‘learn-by-doing’ training 
go-carts, snowmobiles... the list is almost method, you get actual ‘hands-on’ experience 
endless. - with specialized tools and equipment you'll re- 


ceive with your training. plus a brand-new 4HP 


You get all this Professional equipment with engine— all yours to keep. 


your course, PLUS 4 Н.Р. Engine. ... ALL 


! ' | Send Today for FREE facts! 
YOURS TO KEEP. . . . All at NO EXTRA COST. | You risk nothing У accepting this offer to find 


out how Foley-Belsaw training can give you the 
skills you need to increase your income in a 
high-profit, recession-proof business of your 
own. 
Just fill in and mail coupon below (or send post- 
E ГИ card) to receive full information and details by 
шш... return mail. DO IT TODAY! 


га FOLEY-BELSAW INSTITUTE 


6301 Equitable Rd., Dept. 51391 
Kansas City, Mo. 64120 


No obligation aed No salesman will call 


a FOLEY-BELSAW INSTITUTE 
; 6301 Equitable Rd., Dept. 51391 - 
À { Kansas Cily, Mo. 64120 


| |] YES, please send me the FREE booklet that 
i gives full details about starting my own business in 


Small Engine Repair. | understand there is no obligation 
and that no salesman will call, 
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CABLE TWV 
EQUIPMENT 


4c d dx STARRING 4 de ee ч 


JERROLD, HAMLIN, OAK 


AND OTHER FAMOUS MANUFACTURERS 


a FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL WHOLESALE PRICES IN CIS 
a ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 | 
FOR ALL INFORMATION 1-818-716-5914 , 


MECHANICAL 
MOVEMENTS 


Over 1000 different fascinating 
mechanisms in this incredible 
1927 picture book! Engines, per- 
petual motion, locomotives, 
much more! Excellent! 412 page 
paperback only $14.95 


PACIFIC CABLE CO. INC. 
7325; RESEDA BLVD, DEPT) 417 
RESEDA, CA 91335 


u and much more! 


Order No. 4317 $6.95 mold manufacturer. 


Many other books on Tesla, perpetual 
motion, free energy receivers, & more! 


СӘ 
MELT METAL! SS | b 
Learn how you can turn an old pail into a powerful || | 
furnace, and melt metal with grocery store charcoal! Cast | 
works of art, machine parts, ingots, etc.! paperback $6.95 | А 
Many other books on melting & casting metals. | 
for making Ornamental е 
Many other books] Concrete Items S700 i 
on motor rewinding, Book about Aluminum Molds 7 | 
steam power, gà | li | | 
Page through the private notebooks of a builder of eng ita ie n Uus тоша oat ee sales к 
lightning bolt generators! Incredible diagrams апа tion, blacksmithing prices and production trade 4 
| secrets! Rare info! paperback secrets from world's largest 
| 
| 


GIANT CATALOG 


Discover hundreds of rare, top quality paperbacks, 
textbooks, and industrial references on unusual how- 
to: melting metal, machine shop, engine repair, short- 
| wave radio, Tesla, homesteading, survival and much 
more. Send $1.00 ($3.00 foreign airmail) for your copy 
of this giant catalog. Sent free with order from this ad. 


НОШ TO ORDER 


Send your name, address, a list of books you want, the 
| total cost of the books, plus 75¢ for the first book and 
25€ for each additional book for shipping and handling. 
Send check, money order, Visa or Mastercard num- 
| bers & signature. IL residents add 6 1/4% sales tax. 
Money back guarantee on all books! Order today! 


The World's Largest Mfgr. of 
Quality Portable Bandsaw Mills 


ALTERNATOR SECRETS! 


Get thousands of watts from a common auto alternator! Run 
tools, lights, AC-DC appliances, charge batteries, arc weld 
and more! Get 60 cycle AC from common motor. No rewind- 
ing! Jam-packed booklet 

Order Мо. 80 $3.00 


* One Man Remotely Loads, Turns, Clamps 


* Capacities up to 32" Dia. 
| X 33' Long 


• Safe—Precise—Efficient 
* More Lumber per Log 


RUN THREE PHASE MOTORS on single phase 
power, Three proven methods. No rewinding. Jam-packed 
booklet 

Order no. 81 $3.00 


FIVE MODELS EOS А 
AVAILABLE [ЧИНИН eal 
Tis Eu 2 


BUY DIRECT —3 FACTORY SALES LOCATIONS. For our 


| | | 44-Page Catalog, Send $1.00 to: Wood-Mizer', Dept E33 ' 
a: oa 5 i NATA 8180 W. 10th Street. Indianapolis, IN 46214 or Call (317) 271-1542 | 
Lindsay Publications Inc Сү, 
M | i | = * 
| mit 9» — Wr 


ll PO Box 12-EN, Bradley IL 60915-0012 = Today! CHECK IT OUT! 
Ш | |Send a catalog! I've enclosed $1.00 ($3.00 foreign airmail? ТҮҮЛҮ NS Thar a ors dépolunilies 
if [ ]Send the books I've listed and a free catalog. I've enclosed” — /^/ NS J 


the cost of the books plus shipping and handling. products and services offered in 


N il | 
Name | = the “Classified Opportunity Mart,” 
T Address __ = — = : Ш immediately following this section. 
С.а аа State ———— —— i: —— — - i- 


"munere اا‎ pm 


been looking for. 
Portable 
Pressure 
Washer 


ITEM 2-998 


pie 


SAVE MONEY! 


Assemble this MAGNATRAC, Bulldozer KIT ! 
| Thousands sold for excavating, gardening, log- 
ging, landscaping. Work for others for CASH! 
© CATALOGC-Kit construction &uses....$1.00 
e KIT ASSEMBLY MANUAL —See Kit compo- 

nents & full assembly details.................97.00 

STRUCK-KIT • Вох 307 • Dept: P538 
Cedarburg, Wisconsin 53012 


Does Not Include Shpg. T Е 


• For tough cleaning jobs. Wash cars, trucks, clean Ё 
barns or equipment. 17 HP motor. 1000 PSI clean- 
ing force. Adjustable nozzle. 25 ft. hose. Soap injec- 


| tion. Runs on 110 VAC. Shpg. 70 165. 
CALL 800-228-3407 
Burden's Surplus Center 
1015 West "0" * P.O. Вох 82209-PS * Lincoln, NE 68501-2209 
Ask For Free Catalog! 


The new Lindal Planbook is all you need to make 
your custom home a cut above, In every detail. Ger 200 


pages of color photographs, custom plans, design tips and 
planning grids, all for just $10.00. And get the video for 
just $19.953 more. Write or ca toll free and use 
MasterCard or VISA 

1-300-426-0536. 


A Lindal Cedar Homes 
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Prescription Eyeglasses 
shop At Home 


$$ SAVE $$ 


Safe, Easy. Full line of frames, lenses & 
coatings. Sport & dress. FAST delivery. 


Try for 30 days. 100% Guaranteed. 
300,000 sold. Send for FREE catalog. 
Prism Optical, Inc., Dept. P538 
10992 NW 7th Ave. 
N. Miami, FL 33168 


PVC PIPE FURNIT 


e» Profitable Home Business 
• Plans, Kits & Supplies 
è Easy to Make 


FREE 
BROCHURE 


AN HOUR! 


Your FREE Lifetime Security Fact Kit tells you how to 
make $18.00 to $30.00 an hour in your own roley- 
Belsaw Full-Service Saw and Too! Sharpening Busi- 
ness. Your FREE Fact Kit explains how you can: 


E een 
=й... 


s send NOW for your FREE | 
Lifetime Security Fact Kit! 


J & L CASUAL FURNITURE | 
Вох 208—S, Tewksbury, MA 01876 


[REPLICA — be your own BOSS! = | FREE e 
IMODEL — work full time or part time, right at home. / FOLEY \ ae a SECURITY 
F HISTORIC | — do work you enjoy and take pride in. ТЕЧ Ец 
NON-FIRING MODEL GUNS... | | BELS FULL TIME or 
f Safe! Full size. Zinc alloy. Realistic. — operate a CASH business where 90¢ of every FACT KIT р 
Пом 20 рате Сага сатре ме | U dollar you take in is clear CASH profit. umm mmn mm m n m m m = Ls ч 
I COLLECTOR'S ARMOURY 4, 45 AUTO. And it i | . T Foley-Belsaw Co. аге E 
g 800 Slaters Lane ^ Card Odes. | nd it is so easy to learn. Foley-Belsaw gives и 8301 Equitable Rd., Dept. 20649 Ip: 
Box 59, Dept PS. {800) 638-2000 | you all the facts and instructions. No experience or Е Kansas City, Mo. 64120 | AS i 
Alexandria, 13 Free 24 Hrs. ' E -Rele | I WM | B 
L шш шшш шш шш шш m шш mm xS шт special training is necessary. Foley-Belsaw tells уон 17 YES. | ttok | L5» | i 
everything you need to know to be successful. pi] теу a алп TE: | i 
и | dni o a Please rush my FREE Lifetime Security Fact ү 
And there's plenty of business available in your area. р jt 1 
You will be able to sharpen all types of saws, garden в | i 
| THINGS YOU and shop tools for home, farm and industry. - i 
NEVER KNEW You will be able to set your own hours and пої паме р Name - 
EXISTED! to worry about layoffs and strikes. And there are по в à 
| franchise fees. Any age person can succeed. : Address - 
provee, practical jokes, many mora. But you ve got to get the FACTS before you сап 1 бб к `_ шшш о ж =ч 
since 1914. Write for your FREE catalog TODAY from ge started. So write NOW for your FREE Lifetime | : Р - 
mg “ане zip à жетектейм О | Security Fact Kit. It's yours to keep with NO ү! к ) 5 р 
Rmi m E te ee de A ins Gt o) Y eee os coe и OBLIGATION. ee | 


Collectors.. REPRODUCTIONS AS FINE AS THE ORIGINALS. 


We became interested in edged weapons while sponsoring karate, special weapons and self defense programs in the 
retreat setting. What we discovered was so expensive or so poorly made as to be useless. We then began to design our own 
line. Our goal is to achieve authenticity os to weight, size and quality, comparable to the period when used. This means that 
the steel is edged, ground and polished, and will bend rather than break. | 

Oriental blade makers, whose skills have been passed on through the generations, and whose techniques are similar to 
14th. century Europe, hand forge and grind each piece. If you ore planning to use these for den or office, they in no way 
resemble the tacky imports that often only photograph well. If you should be disappointed with any of our swords, we will 


happily refund your money. 


1. PRINCE VALIANT SWORD- 
An Eighth century Viking- 
Norman reproduction of truly 
heirloom | ‚ Heavy, 
hand-forged blade; beautiful 
cast brass handle and guard. 
Overall length 31". $69.95. 


2. ROMAN SHORTSWORD- 
Full size, full weight replica 
with massive brass handle 
and quard. Fish scale pattern 
typical of Roman period. For 
Civil War buffs, a similar 
sword was carried by Yan- 
kee artillenymen. Overall length 
25". $59.95. 


3. SWORD OF WAR- This 
finely made piece is 53" 
overall, with a 40" ground 
blade with blood rill. Brass 


и 


5317 Broadwater Lane 
Clarksville, MD 21029 


i 


Check, money order or credit cards accepted. 
Charge my OVISA OMASTER CARD 


Authentic Reproductions 


butt and quard. Often called 
Hand-and-a half or Bastard 
sword. Used by Teutonic 
mercenaries. Weighs 4 165. 


4. SCOTTISH CLAYMORE- 
This 54" monster weighs 8 
Ibs. and has a 10 inch mas- 
sive steel handle. An excel- 
lent reproduction of the favor- 
ite weapon of the Scottish 
Highlanders. $99.95. 

5. EXCALIBUR- The most | 
beautifully designed Knight's 
sword we have ever seen. 
Graceful, symmetrical, well- 
balanced. The classic sword 
ofthe mounted warrior. Over- 
all length 37". $79.95. 


Order each item by number. Check each one you desire. Please add $4.00 
per order for postage & handling. $5.00 for orders outside U.S.A. (Canada 
orders in U.S. dollars only.) or call TOLL FREE 1-800-628-2828 Ext. 618. 
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The Quality 


Train at home for 
one of these 29 


[SUBSCRIPTION SERVICE | 
[] New m Renewal | 
Г 


| - reer rt niti [ ] Change of adaress 
Alternative | ы ap sad ES TNNT 7 
: - ea | | ana aan | 
to High-Cost Spe ere ar ae | П Payment enclosed сатышы: т 


позвеватотатаватавоататета е 


time, without any previous 
experience, you can train for a 
money-making career...even 


Inflatable Boats! 


get a Degree. Send for free | : 3 : | 
career facts about the exciting : = 5 | е 
career program that interests | 4 | : FEF- : | 
you most. You will receive color =- = : б © ў 4. 
= ochure and information on employment ор оррог- : t i: : 
AG a tunities in the field you choose il coupon | | | Н 9u р ; | 
Mod y os ^u $ today and see how өздү itis to train at home for a : 2 SES 
MES C E s O great new career or advancement on your pres- | ; P2 a : 8 | 
e Takes up to 15 hp motor ШШ | SENDFORFREEFACTS! wz | |: 55 E К E k. 
TE International I Correspondence Schools | e B оо б : & S | 
Why pay $1000 or even more for an inflatable Min: wn] Dept. PCS38 , Scranton, PA 18515 ° S9502o2* 5 
boat? Our popular Sea Eagle GT-15, eps = Med сы ah EN Иги " is pee E оар ER ~. E | 
on how | can study at home for the career | have chosen : === о : 
shown above, holds 5 adults, goes over understand | am voc no obligation and no salesman will call. | : 2 5 3 $2 х Б | 
20 mph and costs only $750. Апа now it CHECK ONE BOX ONLY! : E Ф е 8 : 
features molded-plastic floorboards and | ASsociaTE IN SPECIALIZED |» ASSOCIATE тарсаш |] | | § 38888 i | 
transom for longer life, greater stability, | [жетинин en Engineering | : E о - È 1 : 
easier assembly and no maintenance! The Г] Business Management C Civil Engineering Technology | t Е 3 3 : | gm 
SE GT-15- just one of many high-quality | Т сөлү чен ЧЕ ge | : ; E F i : 
inflatable boats! Жш DIPLOMA PROGRAMS o | | : 22 ees ¢ ai с | 
А High School M ter R : : z = 
Write for FREE Color Brochure | | E futo Means. p "Uo qui : $3 B &| 
Г ; H 
тара сар. 451 | O Surveying Mapping 5 Police Н | # FSET ETTORE * 
шоп Wenus Брал Г] С Gatering/Gourme um: Occasionally we make our mailing list available to reputable | 
St. James, NY 11780 organizations whose products or services may be of interest fo 
eo C || "T | Е А E | мышны Mn Fi  — | VOX. К you'd ike your name removed from this list. please 
r Call Toll-Free Anytime | 2 бее медали [-]Journalism/Short Story Writing | | check the box below. | 
1-800-367-3600 LJ Electrician C Photography О Please remove my name from your list. 
| | Courses offered by t il to: POPULAR SCIENCE 
Extension 451 | Courses offered by Se | | Mail to: | 
xtension : 
| Name PO. Box 25/1 
Street | Boulder, CO 80302 N n 
a MM — б=т a [=] — ушер — ЭЭ 


F4 A Subsidiary of National Education Corporation 


Popular Science Indexes 
Box 2027, Latham, M.Y. 12111 


Wholesale /^ merica, inc. 


Enclosed is a total of & 
186 1185 CI'B4 | LI'83 (1 i О '81 BOLTS 
OTe OT? L1 TG OFS 1 73 [72 


| 

| 

| (check or money or sol) Please send 
| 

| ($1 each) CAI 15 indexes (1972-1986) for $15 Еме indexes 
| $1.75 ПА 72. e f $15 DOF $5 
| 

| 

| 

| 

| 

| 

| 


Жж 
ATTENTION: Homeowners, 
Do-H-Yourselfers, Ronovatocil 


Name 
Address 
SAVE 20% To 50% On Over 5,000 Items! 
For ONLY $3.00, you'll get 6 Catalogs, PLUS, é In- 
sider Specials on hand tools, power tools, genera- 
tors, air tools, electronics, hardware, housewares, 
gadgets, and clothing at unbelievable prices! 


A $12.00 Value for ONLY $3.00! 


City 


ati "Ld 
{Paces above include postage апа hanging. Allew about 4 weeks for deiery) 


YOU SAW IT IN 
POPULAR SCIENCE | 
—BUT WHEN? 


Nothing is more frustrating than 
trying to find that article on stealth 
aircraft or the new HQ VCRs, or lo- 
cating any other informative article 
or item that appeared in PoPuLAR 
SciENCE in 1986. That's why you'll 
want a handy 1986 PoPULAR SCIENCE 
Index. And to help you make use of 
your older magazines, or to find a 


PS reference quickly at the library, 
complete your set of indexes, still 
available from 1972 to date. Fill out 
the order form above or a larger sheet 
and send with check or money order. 
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Craft Projector is Simple! Fast! Accurate! 

placed at image opening 9/4 

the size you wish! Copy unlimited ideas for craft designs. ow i | | | 
Enlarge patterns, designs, portraits, still lifes, landscapes, - юш = HELP 
photos, slides, designs on coins and jewelry. Projects in а 
$19.95 plus $2.95 shipping. 30 day money back guarantee. A Public Service of the National Institute on Drug Abuse 


Oo rende 
A 8 
City | | 
Siehe: — 21Р ——— c3 
SEND Check or Money Order Payable To: | 
Wholesale America, Inc., Dept 7С, | 
4777 Menard Drive, Eau Claire, WI 54703 
| 
Projects on to: Drawing, Graph & Tracing Paper, Wood, 
=. Other Surfaces. 
Р e: ` o. — 
Picture to be enlarged is Suy o | 
at bottom of projector. Sw | CALL 
Adjustable lens enlarges by fractions up to 27 vz times for 
exact colors. Does not damage original. Simple instruc- 
tions. Uses household current and 60 watt bulb. Send Ad 
Norton, Dept. GT-162, Box 2012, New Rochelle, М.Ү. 10802 DURCH Department of Health and Human Services 
120 | POPULAR SCIENCE 


. Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. May Issue Deadline (on sale April 12) is Feb- 


шагу 23. Rates: $8.90 per word. Min. ad 10 words. Darker 
w type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Ernestine Grant, Class Adv. Dir. 


Diners Club Account (give # & exp.) Advertisers using box number 
inad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 
mation call 800-445-2714. 


Dorothy Ellis, Sr. Class. Adv. 


B 


HOVERCRAFT 
AERO-CAR Amazing Hovercraft built 


AUTOMOBILES 


easily with ordinary tools. Lawnmower BUILD A BIKECAR q2 
engine powered. Carries one man plus. The Amazing Mini Car You Can — 
Flies over land/snow/water. Complete à) 
+ pe: and booklet. $10.95. Aero- Projects, 
ox 5118PS, Clinton, NJ 08809. 
^w eT Plans, Parts. сааш | uus 
Inive lov A 
Py Universal, Box 281, Cordova, аў SPORTRAN CO. 
-— W PO. Вох 70775, 
BARTLETT FLYING SAUCER | Satisfaction Guaranteed or Your Money Bark Endicott, NY 13760 
ULTRA-LIGHT Hovercraft Featured In 
w Documentary Film, “Force Beyond" Pow- VAPOR Carburetor Triples MPG. Free 
ered By Ordinary Lawn Mower Engine. | Information. H&A, R2PS, Bowling Green, 
Complete Plans and Supply Sources. | MO 63334. 
| 4 $10.00 Send To: Herb Bartlett, P.O. Box 


ч J DO Super milea 


+ ALTERNATOR Generator Rebuilding | mmm 
Book. Price: HV Technology, 7505 Barken- BEST DEAL when you buy а NEW CAR! 
tine St., Las Vegas, NV 89128. Exciting audio eee tells you what to 
CAMSHAFT ASSEMBLY includes, Cam- | 90. Learn the secrets that put you in con- 
shaft, Lifters, Timing Set, and Lube. 283- | trol. $9, INFOSETTE, Box 465, Milford, 

„> 350 Chevy. Only $89.95. Others call/quote. | OH 45150. 

Catalog $2.00. UPS-COD, Engine Service CHE 
489017 eU a I. 13053, Lansing, MI TURBOCHARGER LEARNING KIT 
DO Super mileage carburetors work? | | Мт GLSCRIBE MANO CAMELS AND ore: 
FIND OUT FREE! TDC, 2069 Zumbehl, TEMS IN SIMPLE STEP BY STEP TERMS. 
Suite 173-2C, St. Charles, MO 63303. In 60 minutes you can know all about TURBOCHARGING! 
` TIE DOWN loads with this NEW attrac- ...A narrator guides you step by step as you follow through the 
tive rail, hook and stretch net system. Niche cexwecgua SEQ" 
Infinitely adjustable. FREE information. Engineering Enierprises Inc. PU. ану plus $2 50 
бе Sprin gs CA сар. ох З Ps dnd Fe Grosse Porte, Mich, 48236 shipping & handling 
J- _ PICKUP TRUCK TOPPERS $179.95. \ | 
7 Campers $795.00, Show Bars $59.61 3". ASTRONAUTICS _ 
m 1-800-63-HE ATH. 30 LEVITATION METHODS! AMAZING | 


156-5, Silverdale, WA 98383. 


carburetors work? 
FIND OUT FREE! TDC, 2069 Zumbehl, 
Suite 173-2C, St. Charles, MO 63303. 


AUTO SUPPLIES & EQUIPMENT 


ENERGY SAVING 
FHEE CATALOG!!! 


"©. 
ENERGY Банан, Drainage Problem Solv- 


уа 


dA 


tL 


“T Catalog $1.00. Scene P 


ers, Home Products. Jem Lawe, 700 Main, 


Westbury, NY 11590. 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 
RAHE TECHNICAL DATA. ASTOUNDING 
40-PAGE CATALOG, $2. HEXSEAHCH, 
BOX 1258, BERKELEY, CA 94704. 

FREE HYDROGEN FUEL and Oxygen 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie Power, Box 
82901, Edmonton, Alberta, ТӨН OLO, 


Canada. 


SURPLUS solar cells, panels, magnets. 
otovaltaics, Box 
2113, Staunton, Virginia 24460 


STEAM ENGINE Skinner "Universal 
Unaflow" with Allis Chalmers 520-kva 
generator LSASE for information. San 
Antonio Museum Association, Box 2601, 
San Antonio, TX 78299-2601. 


MOTORCYLCES, BICYCLES 
ADI з Duesie, Models 


Regular Duesie iiectured) 
Tandem Duesie 
Recumbant Duesie 
SO-SAFE 
&O—CONVENIENT 
SO—EASY TO RIDE 
ITS ALL UP FRONT 
WHERE YOL САМ SEE IT! 


RIDE A  DUESIE! 
e NEIN 


| For complete prices and information send $2.95 to 


THE NEW ONES P.O. Box 338. Milroy, IN 48156 


IS It True You Can Buy Jeeps for $44 
through the U.S. government? Get the facts 
today! Call 1-312-742-1 142 Ext. 4606. 


DISCOVER! "THE FABULOUS WORLD 
OF SUPPRESSED TECHNOLOGY"! Cat- 
alog $1.00. Sunrise, Box-11233P5, Ocala, 
Florida 32673. 


DATABASE CATALOG. $2: Rexco, Box 
1258, Berkeley, CA 94701. 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST! 

* FIFTY CENTS EACH! 

* BUILD A DOZEN IN 
AN EVENING! 


Wr aur 
WORKING SAMPLE of ae chic ity ӨШ VIRI CAN 
MAKE TOURSELF iram maleria quu l| find armind the house 


nd 52 00 to 
ері PS 3 THE TELEFLITE CORPORATION 
Lr Kitching $1., Sunmymead, Сані. 32388 


AVIATION 


Build Your Own- 


! HELICOPTER 


SIMPLE, LOW - COST ASSEMBLY 


e Carries one person-plus 
* Tip-jet powered 

* Мо license needed 
PLANS — fully illustrated: 
$13.95* | 


Helicopter Experimenter's 


è photos è designs è dota 
$10.95 


SPECIAL! 
Both Books: Only $19,595! 


FORTIGON: add $4 [U.5. fends опу. 


=Å 
21139 


LO. Box : 
Riderwood, MD 
Credit card order line: 
dial 1-301-583-5356 


BOOMERANGS . .. HI-TECH RE- 
TURNS! ABS; POLYCARBONATE; PAX- 
OLIN; or Wood Constructed. World's Best! 
Boomerangs-Exciting, Collectible. Annual 
Catalog FREE! BoomerangMan, 1806-2 N. 
3rd, Monroe, LA 71201-4222. 


AMAZING  1791b flying machine 
CLIMBS to 10,000 feet MO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fitin trunk of car SAFEST, Easi- 
est, Cheapest way to fly for complete info 4 
FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open.) 


JET POWER! 
G8-2 PRESSURE JET 


FOR HELICOPTERS, 
PLANES & GLIDERS 
e PLANS e KITS 
COMPLETED JETS 


BUILT BY HOME BUILDERS 

FOR OVER 20 YEARS! | 

“JET POWER" COLOR VIDEO (VHS) 29.95 

130-LB. THRUST JET BLUEPRINTS... 25.00 

20-LB. THRUST JET BLUEPRINTS .... 15.00| 
| Send lor FREE BROCHURES! 

$10.00 — Complete Information Package 
Plus 60-Page Technical Handbook 


EMG ENGINEERING 
P.O. BOX 1368-G 
HESPERIA. CA 92345 


ORNITHOPTER (Wing flapping bird 
machine), Guaranteed to fly. Send $10 or 
S.A.S.E. (information) to: James Nelson, 
Box 45069, Boise, ID 83704. 


sme. HELICOPTERS 


5 Models 
Available 


You Can Build for Under *900 


Vertical Takeoll and Landing 
Hover Flight/ No License Required 
INFORMATION PACK $5.00 
inchudea- specs, Polos, prices 
x a Box 391-8 
[Ө] BW ROTOR CO,INC. Towanda, KS 67144 
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Emp by малый! 


ШЕТ abit his fase илай mew аг тЇ. Order your copy tH Ihe 
rēti lb. ie xnl hasc Чыл, TTA descend aree ã бі раде HEE 
at Tha: Пал ерй meni ni jhe eemaskable Aur A AAE AN Please 
end STILE cha КОРИНИС ий in ly (524.00 ие 
USAI payable ics A&oshuer Ме oleis ин ЖП кҥшегь ренту 
Capped first class mail. Salislartnn guaranteer 
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ниши л. 
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ROCKET BELTS and xem platforms! 
1950s to present! Illustrated Report $3.00. 
Jeffrey Beer, Box 5445, Station B, Mon- 
treal, Quebec, H3B-4P1. 


GO CARTS 


CLASSIC — Go-Cart lans $10.00 
UNIQUE Wooden Scooter pens $6.00 Both 
$15.00. DACE Company, Box 448, Dexter, 
MI 48130. 


CLASSIC CARS 


BATTERY MASTER SWITCH 
е да 


Сап fit post, * 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 


Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


CIC) 


Hemmings 
Motor News 


World's largest collector car 


| Üver 650 each month 
| filled with Ariane of 
as for old Cars, parts, 


services, suppli 
| literature ê morê 


Вох 100, Dept. #317, Bennington, Vermont. 05201 
ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER* 


| (ima ты ATV 


"f the territory still is open. ™ 

Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 
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ТЕАСН 8: ae 
ANY DoS Y RET: 
IN MINUTES Vx 


EASY TO USE 
NOT ELECTRONIC 


REHABILITÀ rom Electric k-Shy, 


rea ner eee x RA 4 


Ы Breaking Paint 
* Over 

* Busting B 

| * Hunting дыш * Stock Dogs * Show Dogs 


Johnny Carson, Dick Cavett, Art 
ARTICLES: SPORTS AFIELD, 
MAGAZI GUIDE, HUNTI 


Barbara Walters, 
Mery Griffin 
IELD. 

DOG, WALL STREET JOURNAL and others 
A science engineering breakthrough! A set of unique 
dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Mear 
hypnotic control, even at a distance. Mo leash 
needed. Novices become experts. This new 
discovery is a learning-sound catalyst that teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yet, more powerful! Dogs 
simply don't fight it. Tunes dogs in, makes them want 
to please you. Unequaled loyalty-bonding. Same 
instruments and system (the Dr. Miller patents) 
dispensed by veterinarians for dog behavior. Now, 
thousands of satisfied users in U.S. & foreign lands. 


From $25 to $175 _ FREE catalog 
DOG-MASTER SYSTEMS 
438 Wilshire, Box 250, , Agoura Hills, CA 91301 


A Division of Environmental Research Labs. Copyright 1987 


PETS OFF FURNITURE 
SIMPLE Device Placed On Sofa, Bed Ete. 
Discourages Pets With Mild Shock 100% 
Effective. Detailed Instructions For Inex- 

nsive Parts From Your Hardware Store. 
end $5.00 To: Coran, Suite 272, 6278 
be Federal Hwy, Ft. Lauderdale, FL 
33308. 


KITES 


) FREE COLOR CATALOG 
і Choose from over 100 kites. 


Many unusual & innovative designs. 
і Call or write for your catalog today! 


Into The Wind e (303) 449-5356 | 
| 1408-Р Pear! St., Boulder, CO 80302 [| 


| coves, seno МЕ A FREE CATALOG || 


ў Мате 
Address 
City 

| State 


Zip 


| sS 


SALESPERSON DISTRIBUTORS 


| 
TAKE THE CEILING | 
OFF YOUR INCOME! 
Become a KNAPP SHOE Representative in | 
your community and earn Cash-In-Advance | 
Commissions on every order you send to 
us. There's No Investment, No Inventory, | 
No Obligation. Send for your Free Selling | 
Kit & Catalog today! Send coupon to: 
Thomas McCaffrey. KNAPP SHOES, One Knapp Centre | 
Dept. 5940, Brockton, MA 02401 | 
Name 
Address z | 
CY State Á— Zip i 

вой 
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DO IT YOURSELF 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA: 30314. 


SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. Americas largest energy saving 
mail order house! $1.00 postpaid. Solar 
Com сша! Dept. PS, 88 Pine, Manches- 
- 03103 


200 SUPPRESSSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
INFO, PLANS: AMAZING 40-PAGE CAT- 

ALOG! $2: INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


REPAIR YOUR OWN TV... Its Easy. 
Write Research, Rt.3, Box G01 BE, Colville, 
WA 99114. 


PROJECTION TV...Convert your TV 
to project 7 Foot picture... Results compa- 
rable to $2,500 projectors Total cost less 


than  $30.00...Plans and 8° Lens 
$21.95... Ilustrated information FREE. 
Macrocoma-ag. Washington Crossing, 


Pennsylvania 18977. Creditcard orders 
24HRS. (215) 736-3979. 


LARGEST SELECTION of how to books. 
FREE CATALOG! Hillversum's, 12311 
N.E. Glisan, Dept. 207PS5, Portland, Ore- 
gon, 97230. 


BATTERY CLOCK MOVEMENTS. 
Below Wholesale. Catalog $1.00 (refund- 
able). Yankee Ingenuity, Box 1138, Altus, 
OK 73522. 


FLOOR Covering 75 yrs experience 
install yourself or not, you'll save hundreds 
guaranteed. $3.00. Boyle Brothers, Box 
16900-90, Mesa, AZ 85201. 


ELECTROPLATING Complete textbook. 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 
Bay, FL 32906-0095. 


LOCK PICKING, Surveillance. Litera- 


TAN | ture. Tower, PO. Box 131, Cookeville, TN 


38503. 


FIX Your BROKEN and 


3% Loose Fitting Dentures 
Your dentures may become broken 
or loose when you need them most. 
Fix them yourself with professional material in 


Dent-Fix Kit. Comes with easy-to-follow in- 
structions. Send $7.98 (check or money order) 
and we send Postpaid by First Class Mail. 
Satisfaction Guaranteed or Money Back 
Dent-Fix Dental Products, Dept. 288 | 
Box 410674, Kansas City, Missouri 64141 | 


Complete Course, clearly written with 
photos and diagrams. Everything you 
need to know; where to get whole- 
sale materials; how to earn while you 
learn. Postpaid, $35.00 (US). Visa 
okay. Write for details. 


PETER HORSLEY PUBLICATIONS 
115 Riverbirch Cres, SE, 
Calgary, Canada T2C OBB 


VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Send 
Stamped envelope: XANDI ELECTRON- 
ICS, Box 20647, Tempe AZ 85282. 


SUPERCONDUCTORS. National Bureau 
Standards publication tells you how to 
make superconducting ceramics. Basi- 
cally, “Kitchen Table Physics" $14.95, 
Details $5.00.  Cabletronics, 
30502PS, Bethesda, MD 20814. 


| SI lcu. in. 


Box | 


PLANS. Buid Yoursetf—All Parts Available In Stock 
| * LC7—Burning Cutting COs Laser ... mm 20,00 
e RUB4—Portable Laser Ray Pistol ... 
e TCC1—3 Separate Tesla Coil Plans to 1.5 MEV... 
• |0G1—lon Ray Gun 
+ GRA1—Gravity Generator ... 
* EML1— Electro Magnel Сой  Gun/Launcher ... 


KITS 

a MFTIK—FM Voice Transmitter 3 mi Ва 

e VWPMSK—Telephone Transmitter 3 mi d 

* BTC3K—250,00 Volt 10-14" Spark Tesla Cod... 1 

e LHC2K—Simulated Multicolor Laser... 

* BLS1K—100,000 Watt Blaster Defense Device... 

e [TM1K—100,000 Volt 20’ Affective 
Ue 

» PSP4K—Time Variant Shock Wave Pistol .. 

e PTG1K—Spectacular Plasma Tornado Generator 149 

e MVPIK See In Dark Кї... Ge 


ASSEMBLED 
. PG7OH—Multicolored Variable Mode 

Plasma Globe TREE 
* BTC10— 50,000 Volt World's Smallest - 

Tesla Coil 


* TAT20 Auto Telephone Recording Device 
+ GPV10—See In Total Darkness IR Viewer 
* LIST10— Snooper Phone Infinity Transmitter ...... 169.50 
| * IPG70— Invisible Pain Field Generator— 
Multi Mode ................... . 74,50 


Е Catalog Containing. descriptions of hein plus 
hundreds more available for $1.00 or included free 
with all above orders. 


Please include $3.00 PH on all kits and products plans 
are postage paid. Send check, MO, VISA, MC in US | 


funds. 
INFORMATION UNLIMITED 
P.O. BOX 716 DEPT. P8, AMHERST, NH 03031 
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TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 

hame Connects between any cassette o tape 

recorder and your Telephone line, Starts аш 
ae) malically when phone is answered Records both 
sides of conversation Stops recorder when 
phone is hung up 


EACH Oty Ds Акан 


Super Powerful FM TRANSMITTER 

Many limes mort powerful than other Iransmáaters 

Transmis up to % mee io any FM radio -Easy bo 

Assemble Ki - 

For catalog of Transmitters. Моке Scramblers and 

other specialty gems, enclose $2 00 to USI Corp 
Cal 305-725-1000 or sand $19.95 + $1.00 
shipping par item to: USI Corp., PO Box 

P5-2052, Melbourne, FL 32802 COD ОК. 


up Û 9V байегу (not mel.) 


Tel 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with | 
a simple wireless microphone. Simply snap the | 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz — 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

| Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, МҮ 10507 
914-232-3878 


LASER OR MASER PISTOL — Complete 
i Plans for Build- 
ing— $5.00 each 


INVISIBLE FORCE 
FIELD—$4.00 MOON 


-— SOUND LASER........... $4.0 
lon Aeronautical Lift opem M E RW ena tat 
бея! Ruby Crystal 1%” 2" for educational 


# + Boot + +в я + о + о в о + а 8 à OR à 4 à. oL o4 4 ы o. ot o ыш 


High Power CO, Laser $7. 
Catalog of super Science Projects— $1.00 
JACK FORD SCIENCE PROJECTS 
PO Box 1009, Duluth, GA 30136 


MAN ROBOT—$4.00 | 


| PLASMA 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
„ | Water Bottle. Easily Available Parts. 

| CANTI Рено Plans. Send $6.95 


o: 

BUTLER ENGINEERING 
724 Ashland 

Santa Monica, CA 90405 


FM TRANSMITTER 
The ST-2 is a tiny black box 
about the size of a stamp. 
Uses a tiny 1.35 volt battery. 
Good range when used with 
good FM radio. Picks up 
whispers. Top notch unit. $6900 kit | 
ST-1 is size of stamp, uses a 9 volt battery | 
| and has a range of over two miles. Picks up 
$4900 kit 
| TT-1 is size of stamp, uses a 9 volt battery and 
transmits phone calls over two miles. Trans- 
mits only when phone is used. $4900 kit 
| —free catalog— 


RKS Controls 
Park Square Station P.O. Box 15236 
Stamford, Ct. 06901 
203-359-0020 


every sound. 


MOBILE TELEPHONE plans $9.95, 
PAGER/REMOTE LLER plans 
$7.95, All using 2-way radio. FM BUGS, 
telephone devices. Catalog $2.00 Kits 
available. CDC, Box 384, Westmoreland, 
NY 13490. 


BOATS, INBOARD/OUTBOARD 


MOTORS 
BOAT PLANS — PATTERNS — KITS — 


Hundreds of designs — Sailboats — Pow- 
erboats — Sportsfishers — Rowboats — 


Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 


Gigantic 160-page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog. GLEM-L. 9152 Rose- 
crans, Box 1804SP, Bellflower, CA 90706. 


EVINRUDE—OTHER BRANDS 1986 
BARGAINS...All Sizes...$2.00 Handling. 
Scott McCulloch parts...Electra Marine, 
610 Merrick Road, Lynbrook, New York 
11563, 


а ara PLANS - PATTERNS - 250 
Designs - §'/70'- Plywood - Fiberglass - 
- Cruisers - House- 

boats - Hydroplanes - Runabouts - Duck- 
boats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Multihulls - SUPPLIES - Epoxies - Poly- 
esters - Cloth - Foam - CATALOG 53.00 
(Airmail $5.00) - (Book Amateur Boat- 
building $6.00) GLARKCRAFT 16-5 Aqua- 


| lane, Tonawanda, NY 14150 


BOATS KITS— SAIL —16'-30' all trail- 
erable molded fiberglass hulls and decks 
come factory assembled—you install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
48 page catalog. LUGER, Dept. AC-38, P.O. 
Box 1398, St. Joseph, MO 64502. 

1 (BOO) Boat Kit; MO: (B16) 233-5116. 


 EVINRUDE WHOLESALE $3.00 Hand- 
ling. Sealand, 48 Merrick Rd., Amity Har- 
bor, NY 11701. 


HOME CRAFT SMAN 


MAKE WOODEN TOYS, whirligigs, 
classic autos, swing sets, doll houses, 
crar ts, furniture with our plans, parts, por 

upplies. Color catalog subscription 

tre, Be Bel: 


(614) 484-4363. Cherry Tree 
mont, OH 43718-0369. 

OLDTIME PINBALL, 1930's! Easy To 
Build Family Heirloom! Full Size Plans 
$9.95. Send TO: DON AURANDT, 1291 
Shields Rd., Youngstown, OH 44511. 


STEAM ENGINE KITS, Power models at 
savings to you! Send $1.00 for literature. 
P.M. Research Inc., Dept. 5, Rd $2, Box 29, 
Wellsville, NY 14895. 


ELECTRICAL SUPPLIES 

& EQUIPMENT 
LASERS: Components, Tubes Power 
Supplies. Free Catalog, Meredith Instru- 


ments, 6403 North 59 Avenue, Glendale, 
AZ 85301. 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 

ittle Rock, AR 72205. 


$1.00 POUND From "Junked" Tires! 
-a (Send Stamp). LaVallees, Fountain, FL 
7^ 82438. 


^ IMPORT-Export opportunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
wrisk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. N2693, 
Woodland Hills, California 91367. 


BUMPER Sticker Printer. Cheap, Sim- 
| ple, Portable. Free details Bumper, POB 
~ 22791(LLC), Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
4 Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


¥ REPAIR HYDRAULIC JACKS—Free 
details. Hydraulic Parts Supply, Dept. 8, 
Box 4157, Brownsville, TX 78520. 


RECYCLE METALS. MO, NOT BEER | 


.. CANS! Easy $458 weekly! Free informa- 
= tion, Hornsby’s, Вох 1214, Franklin, TN 
37065-1214. 


=" MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
„МЕЧЕН STOPS! Free information: Dasher, 
“PO. Box 1039, Gatlinburg, TN 37738. 


ADVERTISE free in 507 Magazines. 
35.00. Directory, Box 11W, Atlanta, GA 


MECHANICALLY inclined individuals 


desiring High Weekly Profits operating 
Small Manufacturing business 
Investment write: Businesses, 92-P Brigh- 
ton llth, Brooklyn, № Y 11235. 


$192.00 FROM Square Foot Plywood 

‚_ (Huge Demand), Revealing Proof 50% 

өн ушаа, Woodwins, Bridgewater, MA 
4 


$40,000 ON1/3 ACRE! New hydro mm 
ics—inexpensive, pleasant, practical! 
‚ information. Planter's, Box 1214, Franklin, 
^ TN 37065-1214. 


$200 - $500 weekly - AT HOME!! No 
E Bor 636: Details FREE!! Homeworkers- 
Box 636679, Margate, FL 33063. 


MAKE BALLOON ANIMALS. $400 

Weekends! FREE SAMPLES/INSTRUC- 

pg TIONS: Funnymans—PS83, Box 250, 
"Alexandria Bay, NY 13607. 


MAKE Rubber Stamps. Highly Profit- 
able Business. Free Details. Stamper, POB 
22809 (LLC), Tampa, FL 33622. 


TAKE Catalog Orders. We drop-ship 
2955 best-selling specialty products. Low- 

ı yest below wholesale prices. Immediate 
"deliver Spectacular home business oppor- 
tunity. Free Book. SMC, 9401 De Soto Ave., 
Dept. 28-86, Chatsworth, СА 91311-4991. 


GET RICH! Secret law smashes debts— 
> brings cash credit! Details FREEH Wealth- 
Kit-5, Box 4036, Pompano, FL 33063. 


$25,000 LOANS INTEREST FHEE! 
Secret Federal law WIPES OUT DEBTSI!I 
Details FREE! Moneywise-S, Box 636679, 
Margate, FL 33063. 


LEARN Piano Tuning. Big Profits! 
;mpire School, Box 1014PS, Jupiter, FL 
33468- 1014. 


= 


PIANO TUNING PAYS: Learn with 
approved home study course. Diploma 
granted. American Tuning School, 17050 
Telfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071. 


MILLIONAIRE Mailorder Expert 

Reveals Money-Making Secrets. Free, 

a Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


, CONCRETE Block Machinery: ‘Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


(Г 
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SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free, VIP, 
2036 Montrose, Chicago 60618. 


PROJECTION TV.. Make $$$'s assem- 
bling Projectors..Easy.. Results compa- 
rable to $2,500 projectors . . Total cost less 
than $30.00.. PLANS, B" LENS & Deal- 
ers Information $20. 50. ‚ Illustrated infor- 
mation FREE.. Macrocoma-agx, 
Washington Crossing, Fennsylvania 
18977. Creditcard orders 24 HRS. (215) 
736-2880. 


EARNINGS Unlimited! Mail Our Bur- 
lar Alarm Advertisements From Home! 


BM Merchandising, Box 59314, Chi- 
cago, IL 60658. 


LITTLE-KNOWN SECRET REVEALED! 
- Buy Dirt Cheap - Automobiles, 
Trucks, Vans, Boats, Furniture, 
Г Stereos, Appliances. & TVs -- UN 
a thousands of other items seized £3 
fin narcotics raids 
= Resell at Big F Profita! $— e to 
P Write \ Free information! ~ га 
і MARCEL Dept. ЕВ 2-— 7. 
vpodoy P.O.Box 7557, 
"auo Monroe, LA 71 
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MOBILITY AND FREEDOM Are yours 
when you learn Carpet cleaning. Start 
anywhere under $150, ГЇЇ tell you how. 
Finance a vacation or build vour own 
profitable company. Quick start instruc- 
tion $19.95 moneyback guarantee. Send 
for details. Mobility, 5308, 2001E. Green- 
ville St., Anderson, SC 29621. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or high 


profit with lenses and screens utilized by SONY, ZENITH, 
| SY LVANIA, and MAGNAVOX! Simple construction! Illustrated 
| information and complete parts catalog $2.00... Money 
back guarantee! 
POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. 
McDowell, Box 5529-Y, Diamond Bar, CA 
91765. 


EXCEED $99,000 SILKSCREENING? 


My little shop does. HOME-START-UP 


MANUAL. Free information. Consultant, 
Box 268, Mossville, IL 61552. 


MAKE YOUR DREAM COME TRUE. 


EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (BOO) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC. BOX 
17693, PLANTATION, FL 33318. 


$24,000 IN YOUR BACKYARD. Spare- 
time prowing profitable specialty plants. 
Easy—start with $50. Free information. 
Homestead Growers, Box 988-PS, Friday 
Harbor, WA 98250. 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 90093. 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


MAKE $7,000 monthly as Loan Bro- 
ker without investment/experience. 


Financial Box 4309-Y, West Covina, CA 
91791. 


GET RICH using OTHER PEOPLE'S 
MONEY! Unique—amazing business! 
Details FREE! Finance-S, Box 4605, Mar- 
gate, FL 33063. 


SCREEN Print T-Shirts. Inexpensive 
kits. Free Details. “T-Printer.”’ POB 23991 
(LLC), Tampa, FL 33623. 


MAKE BIG MONEY REPAIRING 
WINDSHIELDS, & Plate Glass! Up to 
$60,000 yearly! Call TOLL-FREE for 


| Valuable FREE report. -BOO-321-2597. 


Glas-Weld Systems, Box 5755-C3, Bend, 
OR 97708. 


$40 - S108/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
Р.О. Box 9900-35, Vancouver, WA 98664. 


$36.00 FHOM $12.00 SALE! Write: 
Home Income Secret, Box 6929, Lake- 
worth, FL 33466-6929. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. 
Free Details. Gold, РОВ 24986 (LLC), 
Tampa, FL 33623. 


GET RICH IN ONE ОЕ THE EASIEST, 
MOST PROFITABLE BUSINESSES IN 
AMERICA TODAY. FREE DETAILS. 
PHOENIX, 6889 PEACHTREE INDUS- 
TRIAL BLVD., SUITE 224—P, NOR- 
CROSS, GA, 30092. 


LEARN Gold, Silver Scrap Recycling 
Business. Free Information: Recycling 
Box 11216PS, Reno, NV 89510-1216. 


WEALTH SOONEH THAN YOU THINK 
with your easy to follow 10 volume book 
more wealth than vou ever dreamed of 
with a sensible low start up cost. Free 
information. Christopher Johns, 3401 
North Lakeview Dr., Suite 310C, Tampa, 
Florida 33618. 


` $700/HR, send $2.00 and sase to: ROF- 
ALEMAP, One Gagne Street, Rochester, 
NH 03867. 


MULTI-LEVEL MARKETING: Short-cut 
to financial security. 24 hour recorded 
message. (919) 855-8258. 


GET RICH! Up to $1,000 Daily. Easy, 
Unique, Moneymaking. Free Secret 
Report. Premium, Box 1621-E2, Spring, 
Texas 77383. 


SAVE $30,000 MINIMUM on ylour 
Home Mortgage Debt! Free Details! 
James, Box 2187-Ps, Castro Valley, CA 
94546. 


FREE! Wealth Building Kit. Write: 
Opportunities, Box 20235-PS5-03, Salt 
Lake City, UT 84120. 


STAY Home and get rich! 100's of profit- 
able plans! Free information: Warren, Box 
4021, Dept. PS-3, Trenton, NJ 08610- 
0021. 


STAY home and make money! Hundreds 
of profitable plans. Free information. 
Wodlam. Box 397-C, Richmond, KY 
40475. 


WHOLESALING! Fantastic Profits with 
“Kitchen Table” Business. Everything 
You Need To Start Making Money Imme- 
diately. Bramblec, 111 Downey, Brockton, 
MA 02402. 


NON-RUN — Pantyhose, Guaranteed, 
New, Easy Money. Box 2674-C, Castro 
Valley, CA 94546. 


SAVE YOUR LIFE & MAKE MONEY 
TOO!. Fantastic — earnings/part-time. 
Details $7. Moneyback Guarantee. UFE 
MEDICAL, Dept. M, Box 3156, Laguna 
Hills, CA 92654. 


START AND OPERATE A SUCCESS- 
FUL JANITORIAL BUSINESS USING 
SUBCONTRACTORS. Complete Instruc- 
tion Manual $20. Details $1 (Refundable). 
YOWDABAR INC., 395 Mt. Rd., W.Mon- 
roe,LA 71291. 


FREE Mail Order Opportunity Maga- 
zine! Howard, Box 889, Terra Bella, CA 
93270-0889. 


14,947 HONG KONG, Taiwan 
PRODUCTS CHEAP Small lots. Some 
samples free. Harbor, Box 1719-PS-3, 
Yuba City, CA 95992. 


TURN your sparetime into easy profits. 
Discover PVC Furniture... Battery Recon: 
ditioning... Computer Assembly... more. 
Earn immediately! Free Report. Owen- 
Corp, 771 PS, Battle Ground, Washington 
98604. 


MAKE High Profit, Hot Selling License 
Plates, Signs. VACUMAGIC, PO Box 
24986(LLC), Tampa, FL 33623. 


MAILORDER Opportunity: Start profit- 
able home business without experience or 
capital. Write for free book, plus details. 
Mail Order Associates, Inec., Dept: 501, 
Montvale, NJ 07645. 


FINANCIAL 
Extremely new business. LSASE, 
Alexander, 12831 Stratford Dr, 
Oklahoma City, OK 73120. 


$25,000 FOR Few hours work! $5.00. 
$1.00 handling. Unconditional refund. 
(Bonus Book)! RER/M, 438 Bolero, Dallas, 
TX 75211. 


$100,000 Borrowed. Free Details 
MBG-PS 388, Box 2298, Sandusky, OH 


INDEPENDENCE! 
$1.00. 
#242, 


| 44870. | 


MATIONS'S BEST HOME BUSINESS 
OPPORTUNITIES. Free subscription. 
Send name, address, zip to: Spare Time 
magazine, Dept. D2-38, 5810 West Okla- 
homa Avenue, Milwaukee, WI 53219. 


MILLIONS! My reports have earned lit- 
erally millions of dollars for companies 
and individuals nationwide. Can help you 
reach wealth too. Free proof. Lee Murrow, 
Dept. 1, Box 12216, Wichita, KS 67277. 


ALUMINUM SCRAP — Recycle 
Yourself —MAKE UP TO  $25.00/ 
POUND! FREE Information: Industrial - 
PS83, Box 127, Alexandria Bay, New 
York, 13607. 


START а SUPER PROFITABLE BUSI- 
NESS from scratch. FREE Subscription 
to Opportunity Magazine tells how. Write 

Срро аон, Dept. M56, 6 М. Michigan, 

icago, Il 60602. 


$60 - $125 PER HOUR repairing 
countertops, floors and tile without 
replacement. Our superior PROVEN sys- 
tem includes complete training manual, 
FDA approved materials, your own color 
brochures, etc. Send $9.95 for information 
package to: ROSS RESTORATION 
TECHNIQUES, INC., PO. Box 9300, 
Shawnee Mission, KS 66201. 


STAY HOME AND MAKE MONEY! 
Hundreds of Profitable Plans, Free infor- 
mation. THE BIRCH CO., Box 539 RR4, 
Edenton, North Carolina 27932. 


INVEST 22 CENTS lor information on 
a profitable, recession proof and boss proof 
career, Write IC&S, 2261 Knollaire, 
Washington, IL 61571. 

SELL MONEY! Become a loan broker. 
Free details, Financial Planning. Depart- 
ment PS-214, 210-5th Avenue, New York 
11019, (718) 768-6803, extension 200 (24 

ours). 


HOME HEATING FUEL SAVERS 


» EXCEPTIONALLY 
SAFE 


* LOW 


operating ` TEATS 
C | 


LARGE ROOMS 
* THERMOSTATIC 
COMFORT 
TO ORDER CONTROL 
Send $149.99 For Further Info Write: 
to: CERAMIC HEATER SALES, USA 
PO. Box 5433 
Vancouver, WA 98668-5433 
(Wash. Res. add 7.3% sales tax) 


TOOLS & MACHINERY 


p - 


lico cre с. 
CATALOG $200 


4' METAL Cutting Lathe $104.50. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Sid d 
Free Literature. Pyramid Products, Dept. 
M, 3736 South 7th Avenue, Phoenix, AZ 
85041. 


"SHARPENERS REPORHT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dept. PS3, РО. 22559, Minneapolis, MN 


95422. 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


Box 536-P5 Hurricane, WV 25526 304-562-3538 
Unimat * Compact * Marimat * Myford * Sherline * Atlas = Jer 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 
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TOOLS & MACHINERY (cont.) 
BOLTS, SCREWS, TOOLS. WHOLE- 
DIRECT. Guaranteed. Catalog 


$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


NEW EASY-TO-CLEAN 
ышы: MACHINE 


PATENTED 
— FEATURING — 
REMOVABLE POLY TUB 
Si FOR — $758 FOR 
jt СИ. FT. Bt CU. FT. 


FREIGHT 


ey 
PRE-PuD 1185 Baskina Rd, Ка, FL 34648 


HANDIEST SCREWDRIVER EVER! 
Unique 4 in 1 design. Quality, U.S. made. 
Satisfaction absolutely guaranteed! 
$8.95ppd, Send check or M.O. to: Kevin 
Wigner, Box 11333, Ft. Wayne, IN 46857. 


REAL ESTATE 


CALIFORNIA. Acreage. Lots, $40 down. 
40 monthly. 4602 Ethel, Sherman Oaks, 
CA 91423, 


CANADIAN COUNTRY PROPERTIES. 
Acreages for recreation, development, 
farming, fishing, hunting, investment, 
minerals, etc. OUR 73RD YEAR. Terms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. DIGNAM CORPORATION, 
Dept. 481, 370 Dunlop St. West, Unit 807, 
Barrie, Ontario LAN 5R7, Canada. 

GOVERNMENT HOMES from $1 (U 
mu 20 States. Delinquent tax property. 

sessions. Call 805-687-6000 Ext. 
GH-20025 for repo list. 


NORTHERN IDAHO 


5-10-20 ACRES - trees, meadows, creeks, springs, | 
clean air, wildlife. Beautiful Northwest forest and 
lake country. Homesites, mini-ranching, recreation, 


retirement. Good country living. Easy terms. FREE 


brochure, maps, photos, information. 
NATIONAL ASSOCIATED PROPERTIES 


Dept. PC, 1111 Sherman, Coeur d'Alene, ID 83814 | 


208-664-8161 


FREEDOM COUNTRY 


20 BIG acres in WESTERN MONTANA, starting at $9850 
.. $500 down, $month . Trout fishing, backpacking, | 
camping. Elk, deer, moose, bear. ADJACENT to National 
| Forests, near established towns. Yellowstone and Glacier 
National Parks nearby. GUARANTEED ACCESS, INSURED 
TITLE, WARRANTY DEED. FREE color brochure, photos, 
maps. FULL МОМЕҮ-ВАСК GUARANTEE. 
CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE RANCHES 
210 Milwaukee Street, Dept. PS 
Deer Lodge, Montana 59722 - (406) 846-1000. 


SAVE $30,000 on home purchase $3.00. 
Home, Box 478, Glenwood, UT 84730. 


COLORADO Acrette. No down $59.00 
Month. Phone 1-800-521-4996 Land, P.O. 
Box P3315, Blanca, Colorado 81103. 


| MONTANA LAND 


20 Acres (or more) starting at $9750. Near 
Beautiful Yellowstone Park and National 
Forests. In the heart of trophy elk, deer, 
moose, antelope and turkey hunting. Blue 
ribbon trout streams. Guaranteed Ac- 
cess. INSURED TITLE AND WARRANTY 
DEED. Your Inspection Welcomed. Free 
Color Brochure. 


Call Today TOLL FREE: 1-800-252-5263 
Yellowstone Basin Properties 
1119 N. 7th Ave., 

Dept. PS, P.O. Bax 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


UPSTATE NEW YORK 10+ ACRES on 
county road, natures true wooden beauty 
in Adirondack Park. $8,900 20% down, 


10% financing. Warranty deed. No closing | 


costs. Call or write for complete info. 212- 
645-3652 Land, 175 5th Avenue, Suite 
2321 New York, New York 10010. 


RETIREMENT 


ALABANUYS perfect retirement spot: 
Dothan area. Great lifestyle. Low home 
taxes. 90 minutes to Gulf. Brochures free. 
Chamber, Box 638-P Dothan, Alabama 
36302. 


MISCELLANEOUS 


BATTERY ELIMINATOR  lavout, circuit 
Be am, tables adapt for anything. $3/ 

ASE. Wyman, Box 282, Glendora, CA 
e 
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SKELETON KEY 


FITS MOST LOCKS 
(boltincks. doorlacks, & some padlocks) | 


Amaze Your Friends 


Picks ‘em open just like on T. V. You 
pet 3 sized tension keys. the slide 
pick, & precise instructions. 

To get this powerful kit send only $5.50 то; 

War Products* 1559 Rockville Pike * Rockville. Md. 20852 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 


20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS 
184 page catalog 

Replacement parts for 

outdoor Power Equipment 


COMMERCIAL, HOMEOWNER, 
RECREATIONAL. 

LS. THORPE CO., INC 

P.O. BOX 45245 DEPT M 

SOMERVILLE MA 02145 


Send $4.00 
tor Catalog 


400,000 BARGAINS Below Whole- 
sale! Мапу Free! | Liquidations.. 
Closeouts! .. . Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


WHOLESALE MERCHANDISE CATA- 
LOG..Hundreds of items! Closeout 
pare Catalog $1.00. Luckie, Box 370- Y, 
enderson, NV 89015. 


Photographed! Below Wholesale Bargains, 
Box 18628, San Antonio, Texas 78218- 
0628. 


QUALITY Loudspeakers—Minimum 40% 
off. 20 models, 5 year warranty. Details: 
Denko, 1200 NW 78 Avenue, Suite 112, 
Miami, FL 33126. 


POOL SUPPLIES, Wholesale, General, 
Overruns, Closeouts, Discontinued Items, 
Monthly Catalogs, Call Pools & Spas К 
Fun, Inc., (312) 546-8974. 


MAKE HUGE PROFITS importing 
21,241 Asian products, dirt cheap. Surpris- 
ingly simple procedure. FREE informa- 
tion. Write: Hilltop, Box 1364-K 2, Chula 
Vista, CA 92012-1364. 


IMPORT/EXPORT 


IMPORT, Export - FREE Trade Maga- 
zines, Books, 1000's Manufactures, Tai- 
wan, Japan, Fortugal, Denmark, Sweden 
Etc, Etc. $4.00 pp. Tradeway Marketing. 


| PO. Box 411, Hopedale, MA 01747. 


WATER PURIFICATION 
DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


BETTER HEALTH 


HEART ATTACK 


FREE REPORT. | survived heart attack Quit] 


doctors. Used 90+ day painless technique. Cancel- 
led surgery— Tossed out pills— Ended discomfort 


Feel & look н. Regained health. Laugh at 


doctors & pil 
Free proof--SEND NO MONEY --onl 
address! Survival- 20 Box 3256, 
78764. 


ustin, Texas 


WANT TO QUIT SMOKING BUT 
CAN'T? Booklet TEACHES PROVEN 
METHODS or money back! Rush $5. Non- 
smokers-1C, Box 1723, Friendswood, TX 
71548. 


WORRIED about Arthritis, Heart Dis- 
ease, Weight Control, Nutrition, Stress, 
Allergy, Pain? Exciting Health Building 
Home Business has effective products, 
modern business plan. Send $5.00, Nel- 
sons, 5427 23rd, Lubbock, TX 79407. 


LIVE LONGER! Re 
can be slowed. $4.00. Lee Toth, 200 Garlow 
Drive, Pittsburgh, PA 15235. 


UNDERSTAND VISION w/o eyeglasses. 
$5.00 Fact sheet (non-medical). W. Edel- 


berg, 5 Woodruff St., Saranac Lake, NY 


12983. 


1-800-547-6911 Dept. PB-7 Sweet Home, OR 97386 


s. | am a new man. Helping others. | 
name and, 


rt shows how aging | 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
| Terms Arranged. Lloyds-PSC, Rockford, IL 
| | 61104. Call 1/800/323-1212 Toll Free. 


HEARING AIDS- 
'/. PRICE CATALOG FREE! 


ENES Inest i 
1 SUPER SAVINGS! Newest. Finest. All 
i types Buy DIRECT & save up to HALF! 

о salesmen. Suld by AIR MAIL on HOME 
§ TRIAL. FREE Catalog. Write: 


§ MONEYSAVERS, 
Dept. PS 3D 9530 Langdon Ave., 
ll Sepulveda, Cal. 91343 


TREASURE FINDERS/ 
METAL DETECTORS 
FIND old coins, jewelry, gold nuggets. 


New Patented revolutionary device. Free 
catalog. Gardiner, 4729L N. 7th Ave, 


Phoenix, AZ 85013. 


Pay For Your Hobby! 


| With White's New EAGLE Metal Detector. 
Programmable Computer Driven to locate only | | 


valuable items! Fun and profitable! Models 
from $99.95! 


For а Free Catalog 


Call Toll-Free: WHITE'S ELECTRONICS 


TREASURE Finder Locates Buried 
Gold, Silver, Coins, Treasures. Free Cata- 
log, Relco, RC10, Box 920839, Houston, TX 
T1292. 


HOBBIES & COLLECTION 
MILITARY Medals Catalogue $1.00. Sub- 


scription $6.00. Vernon, Box 1387Р5, N. 
Baldwin, NY 11510. 


LEATHERCRAFT CATALOG. Over 2000 | 


items. Largest selection available of genu- 
ine leathers, tools, kits, books, supplies. 
Fine upholstery, utility, garment leathers, 
suedes, exotics. Belt, wallet, moccasin kits 
and more. Low prices, quantity discounts. 
Send $1.00 pstg/hdlg; Tandy Leather Com- 
pany, Dept PS388C, РО. Box 2934, Fort 
Worth, TX 76113. 


© AVE! SUPER DISCOUNT 
CATALOG, „КШ 

eCars & buggies Scenes 

e General hobbies 


e Ready-to-go boats & planes M 
e Science equipment n 

e [rains 
Top quality, name brand items, from mail | 
order ip for over 14 years. 


| E Mí Send $1.00 To: 


Standard Hobby Su 
Box 736, Dept. S- pe 
Mahwah, N.J. 07430 


CABLE EQUIPMENT 


CABLE TV SECRETS - the outlaw publi- 
cation the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des- 
cramblers, Converters, etc. Suppliers list 
included. $8.95. Cable Facts, Box 711-P8, 
Pataskala, OH 43062. 


CABLE TV DESCRAMBLERS 
Why Pay a High Monthly Fee? 


Jerrold. Oak. Hamlin, Scientific Atlanta, Zenith, and more! | 


60 day warranty. Shipment within 24 hrs. For fast sere 


ice MC, VISA C.O.D. Telephone orders accepted. Eve- 
ning hrs. also. (312) 698-1259. Stamped Envelope (.44¢) 
postage for FREE catalog. No. Ill. orders, 
L & L ELECTRONICS 
1430 Miner St., Suite 522 
Des Plaines, Ill. 60016 


CABLE TV Descrambler Plans $3.00. 
Stevens-PS, Box 20286, Bowling Green, 
KY 42102. 


CABLE TV CONVERTERS. Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. “NEW” VIDEO НОРРЕВ 
“The Copy Killer". Visa, M/C & AMEX 
1-800-826-7623. B&B Inc, 10517 
Upton Circle, Bloomington, MN 55431. 


|, BLERS complete detailed plans for home- 


SATELLITE TV 


DESCRAMBLER: Build your own inde- — 
pendent Videocipher П descrambler & 
receive free Satellite TV pictures. Simple 
complete instructions & circuit board, 

$40.00 (US! to - С.А. Comeau, Box 
TL Halifax North, N.S., Canada B3K 
5H6. 


SCRAMBLE FREE! New korean Video- 
Ciper Descrambles Satellite Signals. 
Details $2.00. Descrambler, Box 2148, 
Orem, UT 84057. 


SATELLITE T.V. 


| Save 30%-60% 


Buy Direct! 


Complete System Examples: 


LUXOR w/mowver ......... $699 
gasy © NORSAT w/mover ....... $799 
install TRACKER VI-IRDw/mo. 51329 


UNIDON 7700-IRD w/m . $1199 

Systems Include: 10' Orbitron dish. mount. 
receiver, mover, LNB and Feed. 
Many more to choose from: 7°.9'.10' & 12' 
dish's 
Chaparral. DX. Drake., Channel Master etc. 
Plus upgrades for present owners: Receivers. 
movers.LNA's, LNB's, Feeds & Ku equipment 
INSTALL OR UPDATE YOURSELF! 

For LOWEST PRICES 


Š Sky vision, Inc , dis imn 


2066 a ls Fergus Falls. MN 56537 
ORDER TOLL FREE 800-334-6455 (Ext. S) - 
in Minn. CALL 218-739-5231 


SATELLITE TELEVISION DESCRAM- 


construction bv anyone. $5.00. Jansen 
Electronics, PO. Box 168-A, Dundee, OR 
97115. 


RADIO/TV 


SATELLITE & 


CABLE T.V. 


DISTRIBUTORS 
5078 SO. 108th 
SUITE #333 DEPT. PS 
OMAHA,NE 68137 
TO ORDER CALL: 
800-435-7057 
402-330-7673 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 


CABLE TV Equipment. Low prices we 
ship C.O.D. Send 

tronics Unlimited, Р.О. Box 266-5, 
mouth, MA 02190 (617) 843-5191. 


VIDEO 
NOLIEOUANBEE MICROWAVE 


52.00 for catalog. Cable- * 
S. Wey- 
ас ЧОЎ 


19-27 GHz 20" Dish 40+ dB Gain 
LIFETIME WARRANTY 
Complete System $89.95 (Shipping inci.) 
Dealer Rates, Replacement Components 


RESTORES RENTAL MOVIES. Connects 
between VCRs. $59.95. 1-800-338-8751. 


Rental Tape Stabilizer 

® Eliminates loss/flashing of color, 
rolls/streaking/ ening while ing 
copy-protected rental movie tapes. 

© Restores dosed caption. 


e Fully automatic, battery ва powered. 
ө 30 days money back 
Reg. $99. $5 SA SALE $3995 SH $3.95| 
Self-adj. Wire Stripper Reg. $3495 Sale $12.95 | 
B. WOODSON VIDEO 
PO Box 5545, Cary, NC 27511 


NEST 


EDUCATION & INSTRUCTION 


FREE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 
as _ Box 744-PS, McKeesport, PA 15134. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
| INEX- 
PENSIVE, FAST. FREE INFORMATION. 

JOHN BEAR, Р.О. BOX i447-PSC, 
MARINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free—book excerpt & 
catalog. бирената, 450-PS3 Seventh 
Avenue, N.Y.C. 10123 

WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. dA сар. COL. Gordon E. Taylor, 
ason City, IA 50401. 515/ 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
^ dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
Ls Р! P.O, Box 790906, Dept. PS, Dallas, 

7 


2. . HIGH SCHOOL at home, diploma 

“awarded. Low monthly payments. No 

classes, information free. Phone free 1-800- 

+ 228-5600, or write: American School, Dept. 
#347,850 E. 58th St., Chicago, IL 60637. 


LOCKSMITHING: Free book. Locksmi- 
thing Institute, Dept. 311-038, Little Falls, 
NJ 07424. 


HANDLE YOUR OWN LEGAL AFFAIRS. | 


Be a Paralegal. Accredited Attorney 

Instruction. Home Study. FREE CATALOG. 

Southern Career Institute, Drawer 38P8- 

» 2158, Boca Raton, FL 33427. (305) 368- 
522. 


FREE 1988 CAREER GUIDE. Earn 
more money with Success Proven 
Correspondence Diploma Courses. Gran- 

a—+ton Institute, 263B Adelaide Street West, 
Toronto Canada. 


^ COLLEGIATE research catalog. 306 
pages — 10,278 papers available. Rush 
$2 00. Research, 11322 Idaho #206KT, Los 
Angeles 90025. 213-477-8226. 


SLEEP-LEARNING, hypnotism! 
` Strange catalog free! Autosuggestion, Box 
24-A, Olympia, Washington 98507. 


SUPEH-INTELLIGENCE! Amazing 
results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


- FUNERAL SERVICE-Study at home, 
—P@become a CERTIFIED MORTUARY 
ASSISTANT-Funeral Service Institute, 
PO. Box 1184, Deerfield Beach, FL 33443, 

= 1-800-323-5532. 


HUMAN MINDS ANONYMOUS. Think- 
“ing is what humans do best. Now forming a 
Think Tank Network open to all ordinary 
humans. No preconceived bias. This syner- 
"getic endeavour may help solve omni-earth 

problems. Startup send $5.00: HMA Foun- 
Ration. Box 661, Strasburg, CO 80136. 


UNIVERSITY DEGREES AT HOME. 
Convenient, Inexpensive, Accredited. 
Write: KENSAM, 
Rock, New York, 11691. 


FREE COLLEGE TAPE External Degree 
Programs Business Administration, Pub- 
lic Administration, LAW (Qualify Bar 
Admission) Fully ‘Accredited, Financial 
„Аа, (800) 847-0005 (314) 469-9933, 
asSalle University, PO Box 28631, St. 
Louis, MO 63146. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity" to: Schizophrenics International, 


HOPE For Adults raised by alcoholics. 
Sample newsletter $1.00. ACAP, Box 3192, 
, Boise, ID 83703. 


CHYSTALS Natural Arkansas crystals 
for psychic development. Money back guar- 
antee. $5 each. Psychic Development Asso- 
ciation, Box 1393-Р5, Newbern, NC 28560. 


la 


r 


ox 1383—PSM, Far | 


Р.О. Box 50456, Ft. Worth, TX 76105 


PUT your favorite photo on 314" B/W but- 
ton mirror or key chain. Send photo (photo 
returned) with $3.00 plus $1.25 postage to: 
Fun Portraits, Р.О. Box 708, Bonham, TX 
75418. 


EASY Checkbook S ystem assures money 
for all needs. $4.00. Pat Schroth, 1228 West 
lith, Erie, PA 16502. 


AVOID PROBATE! Custodial Trust 
Forms $15.00. HDG Corp., 610 Bowsprit 
Lane, Longboat Key, FL 34228. 


DO MAGIC With 692811504730! 
Number secrets voull wish vou had 
known! Free details: Champollion, Box 
808RR, Union City, NJ 07087. 


NEW HEAT 
TECHNOLOG Y 


FREE DETAILS-Amazin ng. new heating pad 
automatically heats to 1 ofa 


*F atthe 

button. Use anywhere— arthritis, P muscle 

aches, backache, cold weather hunting 

fishing, Рови games. Reusable over 

over. 5 yr. replacement warranty. Send name | 

and address to American Health Products, 

Dept. Ai 15955 West Willow Place, 
اة‎ HE 


GOT а RE Learn Control and Enjoy 
Life! Details: Fearless, Box 388184, Chi- 
cago, IL 60638. 


PLANS & BLUEPRINTS 
ао н SUN TANNING MACHINE | 


Get a salon-type TAN for pennies a day at HOME 
Plans to assemble Six lamp unit 
. Parts list ê Suppliers 
ip by Step instructions 
. Ме tical; horizontal unit 


Sand $12.95 Nu-Ideas Inc. 
Check or М.О Dept. P-102 
(U.S. funds only) P.O. Box 71708 
Madison Heights, MI 48071-0708 
172 TRAILER PLANS. Motorcycle, Util- 


ity, Car Construction, Singles, Tandems - 
Strong, Streamlined, easily built. Catalog 
$4.00 (Refundable). Tag-Along, Вох 
15107P, Salem, OR 97309. 


BUILD ROCKING HORSES! Size 25" x 
36". Plan #245 is $8.00. Size 35" х 58", 
Plan #400 is $10.50, postpaid. NY resi- 
dents add tax. Armor Products, Box 445- 
FC, East Northport, NY 11731. 


AUTHOR 


AUTHORS WANTED BY 
NEW YORK PUBLISHER 


Leading subsidy book publisher seeks manuscripts 
of all types: fiction, non-fiction, poetry, scholarly 
and juvenile works, etc. Mew authors welcomed. 
Send for free, illustrated 40-page brochure C-52 
Vantage Press, 516 W. 34 St., New York, N.Y. 10001 


STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
Catalog. C 
Diego, CA 92105. 

FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


FREE, U.S. Mint Set. Approvals. Hilde- 


brand, Вох 4867, Santa Clara, CA 95054. | 


DISCOUNT STAMPS Request Coun- 
tries, Free List. Iva Stamp Аран, РО. 
Вох 197, Hanford, CA 93232. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 

All Different! All Genuine! Value-pack- 

ed collection to introduce you to our 

special offers, collector's catalog, and 


approval service. Other exciting | 
stamps included. Buy any ог none, | 
return balance. 
WILTON STAMP CO., Dept. PS 3 
Р.О.В. 850, WILTON, NH 03086 


FREE Worldwide Packet. Penny Approv- 
als. Froehlich, Box 177D, Pine River, WI 
54965. 


FREE US coil pair with approvals. Carl- 
son, RT2 Box 112P, Annandale, MN 55302 


C. Kloster, 4164 52nd St. San | 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Complete Mint 
Sets 25g, Approvals. Cornetta, РОВ 1509- 
Р, Lake Placid, FL 33852. 


RUSSIA! 25 different Commmems, Pic- 
torials, etc! Only 25 cents! Request approv- 
als! Stamps, Box 7721-5, Reno, NV 89510. 


1000 STAMPS $2.95 - Guaranteed 
Worth Over $30 at Standard Catalo 
Prices! Money Back If Not Deligh! 
Approvals. Kenmore OT-O68, Milford, NH 
03055. 


FREE Catalog Free! Big Bargain Cata- 
log - New edition listing акна of bar- 
gains including U.S. and B.N.A. stamps, 
packets albums, accessories and supplies. 
Also fine stamps from our approval service. 
Buy only what you like. "Retues balance 
promptly! Thank you. Jamestown Stam 
Company, Dept E38PS, Jamestown, NY 
14701. 


SCIENCE & CHEMISTRY 


1987 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to 
professional. $2.00. Merrell ientific, 
1665 Buffalo Rd., Rochester, МҮ 14624. 


CHEMICALS - Catalogue 
$1.00. Established: 1953. HAGENOW 
LABORATORIES, 1302 AMICO, 


MANITOWOC, WISCONSIN 54220 


225 PAGES! 1988 Glassware, chemi- 
cals, equipment, books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


SUPERCONDUCTIVITY DEMO КП. 
Complete. $52. Visa/MC. (707) 648-0779. 
KnutSoft. 219 Los Cerritos Dr., Vallejo, CA 
94589. 


SCIENTIFIC SUPPLIES - 1988 cata- 
logue 200 pages, Biology, Chemistry, Phys- 
ics, Labware, and more, special price only 
$1.00. National Scientific Products, Inc., 


216 Mountain Road, Seymour, CT 06483. 


RADON IS “НОТ”! 
Thinking of Getting Rich 
by Measuring Radon? 

EG&G ORTEC, a leader in nuclear instrumenta- 
lion, can advise and equip your new "Radon 
Measurement" service. Send today for FREE lit- 
erature: "So You Want to Get into the Radon 
Monitoring Business” and “Environmental Radon 
Measurements by Gamma Spectroscopy.” Con- 
tact "Radon" Rick Seymour, EG&G ORTEC, 100 
Midland Rd., Oak Ridge, TN 37830, phone 
800-251-9750 or 615-482-4411. 


FORMULAS, PLANS 


HENLEY'S 
M 20th Century Book of 
== 10,000 Recipes, For- 
. mulas & Processes 
[Latest Editian] 
Here is a wealth of prac- 
tical, accurate and clear 
information and instruc- 
tian that can save you 
thousands, or make you à 
2 fortune! Housewives, man- 
!!  ufacturers, farmers, handy- 
^i men, home axperimenters, 
electricians, chemists, 


гор in avery walk of life rafer to Henley" S 


daily. In this gold-mine of a „ yau too will 
find formulas and recipes for almost everything 
used in the home, farm, workshop or industry, 
Discover the trade secrets of thousands of 
commercial products—laarn new money savings 
and exciting way of doing things, As indispen- 
sable as a dictionary, Satisfaction guaranteed, 
900 pages hard cover-cloth binding. Only 
$1695 plus $1.95 postage & handling. 
Dealer's Inquiries Invited 


EMBASSY SALES Dept. PS 85 
Box 67, East Elmhurst, N.Y. 11368 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 


61R Jane, NY 10014. (212) 929-2293. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 


743B- S, Sarasota, FL 33578. 


MUSICAL INSTRUMENTS 


Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. European 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. MC, 4026 W. 


Belvedere Ave., Baltimore, MD 21215. 


RECORDS, TAPES, ETC. __ 
PACT DISCS. Your Music! Bar- 


| бом 
gains! Catalog $1.00. Tower, Dunkirk, MD 


20754-0213. 


PERFORM your favorite songs! Back- 
ground tracks on cassettes. FREE catalog: 

und Marketing, Box 951-5, Sound 
Beach, NY 11789. 


COMPUTERS 


Ti-89/4A — Soltware/Hardware bar- 
ains. Hard to find items. Huge selection. 
ast Service. Free Catalog. Enterprises, 
Box 690, Hicksville, N Y 11801. 


FREE programs! IBMpc's/Apples/Com- 
modores/Adam/TRS80's/TI99-4A. Езгае- 
zra, Box 52225MR, San Diego 92105. 


COMMODORE REPAIRS (C64- $39. 95) 
or low cost chips. Largest Commodore 
Service Center in the country. Request cat- 
alog. Kasara Micro, 33 Murrayhill Drive, 
Springvalley, NY 10977, 800-248-2983 

ationwide! 914-356-3131. 


HUGE $AVINGS on Computer Software, 
Hardware Products. 3000 Item Catalog. 
Send $5.00 to: PCS, P.O. Box 1481, Fayette- 
ville, GA 30214. 


SPECIAL OFFER! DISKETTES. Bulk 
5.25" DS/DD. 39 cents each. Lots of 100. 


| Bulk 3.5" DS. $1.19 each. Lots of 50. Money 


back guarantee. Call Direct Micro at 1- 
800- ace -2887, M-F 9-7 EST. Offer expires 
3-31-88 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, repairing and reproduc- 
ing with our Mold Making Supplies. 
Catalog $2.00. CASTOLITE, Dept.83B/PS, 
Box 391, Woodstock, IL 60098. 


BOOKS & MAGAZINES 


TEACHER TRICKS - Handbook for 
teachers. $5.00. 1909 Sunset Dr., Walla 
Walla, WA 99362. 


WINEMAKING 


WINEMAKERS—BEERMAKERS Free 
Catalog. Fast Service. Large Selection. 
Kraus. Box 7850-N Independence, MO 
64053. 


WINEMAKEH—BEERMAKER: Free 
Illustrated catalog of supplies. Semplex, 
Р.О. 11476H, Minneapolis, MN 55411. 


HOME BREWING 


BEERMAKERS! FREE com 
Catalog/Newsletter. William's 
P8, San Leandro, CA 94577. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 657, Chi- 
cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


CLOSEOUT Jewelry. 55e dozen (Catalog 
.25¢). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


THINK Earrings. J&D Wholesale-P, 774 
North 161st Place, Seattle, WA 98133. 


CARTOONING, SIGN PAINTING 


LEARN Sign lettering video. Detailed 
instructions and pinstriping booklets. 
$34.95. Video, 513-E. Hawthorne, Fort 
Wayne, IN 46806. 


rehensive 
x 2195- 
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ADVERTISEMENT ВИИ 


Product Information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


301 Custom Houses This brochure from The 
Building Institute explains how you can save 
up to 30 percent with a custom-built house. 
It also lists 215 top manufacturers, many of 
which will make all the parts for your custom 
house from your plans. $1 


302 High-Tech Newsletter Join professors, 
engineers, and other professionals with the 
Casiolink, Casio's high-tech newsletter. The 
latest in electronic products are discussed, 
and useful applications are contributed by 
you, the experts. $2 


303 Traffic Radar Information from Cincinnati 
Microwave explains the principles behind 
traffic radar, including limitations that can 
result in incorrect speed readings. The liter- 
ature also details the Escort and Passport 
radar detectors. Free 


304 Small Outboard Motors Cruise 'n 
Carry's booklet answers the question, ‘How 
much horsepower do you really need?" This 
handy guide for small outboard selection 
describes which is best for your fishing boat, 
canoe, sailboat, or dinghy. Free 


305 Riding Mowers Dixon Industries’ ZTR 
line, the mower "that's built for lawns, not 
just for grass,” is the subject of this color 
brochure. Dixon's zero-turning-radius mowers 
are all hand operated, with no clutching or 
shifting. Free 


306 Hobbyist Catalog Edmund Scientific's 
60-page catalog contains over 1,200 prod- 
ucts, including telescopes, magnets, weath- 
er instruments, and high-tech toys. Free 


307 Home Designs There are 210 one-story 
designs in Home Planners’ 192-page illustra- 
ted book. There are traditional homes featur- 
ing Tudor, French, early Colonial, and Spanish 
adaptations. A contemporary section highlights 
interesting shapes, roof lines, atriums, etc. 
$4.95 


308 Ceiling Fans Hunter Fan Co.'s 32-page 
full-color booklet explains what every consu- 
mer should know before purchasing a ceiling 
fan. The booklet also describes Hunter mo- 
tors, blades, finishes, and special features on 
the company's extensive line of ceiling fans. 
Free 


309 Automatic Lighting Control This color 
brochure features the Jet Enterprises line of 
photosensitive, fully automatic on-off light 
sockets. A photoelectric eye in the socket 
determines the light level and turns lights on 
and off accordingly. The device provides home 
security and saves energy, even when you're 
not there. 50g 


310 Unusual Items The “Things You Never 
Knew Existed" catalog from Johnson Smith 
Co. contains over 1,800 hard-to-find novelties, 
hobby and sports equipment, scientific and 
electronic items, and fun-maker and gag gifts. 
Free 


311 Auxiliary Lighting KC HiLiTES offers а 
wide selection of auxiliary lighting systems 
specifically designed to meet the needs of a 
wide variety of driving conditions. The full- 
color 16-page catalog describes the company's 
driving lights, fog lights, competition/off-road 
lights, and special applications. $2 


312 Sonar Products The 1988 Lowrance 
catalog contains the company's complete line 
of state-of-the-art sonar products, including 
the new X-30 liquid-crystal graph, the X-40 
and X-50 LCG sonars, and the X-16 chart 
recorder. Free 


313 Mariner Outboards Mercury Marine's 
catalog contains a number of new items for 
1988, including a four-cylinder 100-horse- 
power motor апа a V6 Magnum || 150-horse- 
power motor. Mariner outboards feature a 
three-year corrosion warranty for all models, 
mos can range from 2 to 200 horsepower. 
ree 


314 Hearing Aids Miracle-Ear, a division a 
Dahlberg Inc. and a leading manufacturer of 
hearing aids, is offering a booklet which 
contains abundant information about hearing 
loss, as well as complete descriptions of its 
hearing-aid line. Free 


315 Automotive Aids Moog Automotive is 
offering two brochures: One lists four sure 
signs of front-wheel-drive problems and 
explains the importance of CV joint service; 
the other illustrates why cars need variable 
rate/overload spring Cargo Coils and describes 
in detail proper installation methods. Free 


316 North Carolina Vacation This travel pack- 
age from the North Carolina Department of 
Travel gives information on where to go, where 
to stay, and what to do on a vacation in 
beautiful North Carolina. Free 


317 Drip Watering Learn more about drip 
watering with Raindrip's homeowner pamph- 
let. Planning, installation, operation, and 
maintenance are discussed in 46 easy-to-read 
pages. A rebate coupon redeemable for up to 
$5 is included. $1 


318 Engine Treatment Slick 50/Vapor-Jet's 
brochure tells how its polytetrafluoroethylene 
permanent coating can save gas and your car's 
engine with just one treatment. Free 


319 S.C. Vacation Guide South Carolina 
Parks, Recreation, and Tourism offers 72 full- 
color pages of uncrowded beaches, champion- 
ship golf courses, historic cities, and graceful 
plantations, plus great dining spots and boun- 
tiful shopping. Free 


320 Custom-Made Cigars Information on 
more than 100 different types of custom- 
made cigars and pipes, manufactured by 
Thompson Cigar Co. in Tampa, Fla., is out- 
lined with photographs in a 48-page booklet. 
Accessories such as lighters, humidors, cigar 
cases, and pipe stands are featured. Free 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


Name (please print) 


Address 


126 | POPULAR SCIENCE 


POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 


Note: POPULAR Science Massachusetts address is for Product Information only. 
Please send the items checked below. 1 am enclosing $1 handling charge (any 


number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


[1 301 $1 o 305 17 309 50e C) 313 0 317 $1 
0 302 $2 (1306 [1310 1314 [] 318 
о 303 |j 307 $4.95 1311 $2 0 315 Г] 319 
O 304 1308 [1 312 [1 316 O 320 


City & State 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 


THIS COUPON EXPIRES MAY 31, 1988 
| AM ENCLOSING 
$— for priced items 
$. 1.00 9 for handling 
$ 1. TOTAL REMITTANCE 
Zip 
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JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03, 
radenton, FL 34203-3796. © 


TOYS & GAMES 


WATER BAZOOKA, Amazing new 
invention, ultimate water fight weapon. 
Shoots huge volumes of water 50 feet, over 
gallon capacity, FREE information. 
+ Wazooka Technologies, 1401 Johnson 
Ferry, Suite 328, Marietta, GA 30062. 


MAGIC TRICKS 


FHEE e ee Ventriloquism, Magic, 
“Clowning, ppetry! Supplies, Instruc- 
tion. Pub аш E Eurccéndfully, Profitability! 
Maher, Box 420-PS, Littleton. Colorado 
80160. 


LOANS BY MAIL - 


IMMEDIATE Loans to deserving individ- 
i uals refused elsewhere. Many plans 
` included. Try us! Associates, Box 98-P3, 
«Brooklyn, NY 11235. 


BORROW 40,000 "overnight." Any 
urpose! Free Report. Success Research, 
x 19739-FO, Indianapolis, IN 46219. 


BORROW $500-$40,000!  "Over- 

"night" On Signature. Keep indefinitely! 

aim Box 5499-Y, Diamond Bar, CA 
1765 


ARAB BUSINESSMEN have money to 
; puy/invest. Top finder fees paid. IMEA, 
388/PSI, Box 3574, Newport Beach, CA 
› 92663 (714) 722-9260. 


р 
$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
w financial benefits! Free valuable report! 
Miei PS-3, Box 5399, Torrance, CA 
~~ 90503. 


BORROW by mail, Free details, Space 
Marketing, 655M1 Fern Drive, Merritt 
Island, FL 32952. 


1 oN $100—3100,000! Fast, Con- 
dential! Marigold, Box 2030-PS, Richard- 
son, TX 75080. 


NEED MONEY FAST? Signature loan to 
fit your need! Free information. Instacash, 
JAJA 7 al #298W, Chicago, IL 


60606-7 
. BORROW By Mail. Quick, convenient, 
confidential. All Inquiries handled by 


AES Schomp, 140-PS Hwy 80, Bisbee, AZ 


ч МЕЕП EXTRA CASH? WE'LL CASH 
коон POST-DATED CHECK UP TO 
00.00 1-600-445-0650 


NEED MONEY? Cash, Loans, Govern- 
ment Grants. 99% eligible. Free Book. 
„КРА, Box 400-FNM, Jamesport, New York 
11947. 


q} FREE MONEY! $300,000,000 GIVE- 

; га E Grants. Never repay. Details $1.00. 
Jakla, Box 3066-PS35, Seminole, FL 
4642. 


| .# 


BORROW Any Amount! Get Visa/Mas- 
terCard! Enclose Sase. Sunrise, Box 42P 
Bethpage, NY 11714-0042. 


.. VISA! MASTERCARD! Regardless of 
Credit Experience! Ap ly Toll-Free, 24 
Hours: 1-800-227-8472, Ext. 26. 


BORROW $500 - $40,000! “On Signa- 
„ture! Any Purpose! 97% Eligible! Free 

Application: National, Box 3789-K, Dow- 
ney, CA 90242. 


F BORROW 260,000 "Overnight". Any 
Киро Keep indefinitely! Write: Martin, 
х 45-SP, Old Westbury, NY 11568. 


$100,000 Borrowed. Free Details 
MGE -PS 388, Box 2298, Sandusky, OH 
4870). 


15 AND MASTERCARDS—YOUR 
TO WEALTH! Obtain cash advances to 
buy bargain Real Estate, Businesses, etc. 
a Lhe Tycoons Bankcard Manual lists over 
500 banks that offer cards, many nation- 
wide. Access up to $100,000 + ! Send $25 to: 
Diversified Investment Company, 1350 
Колы Rd., Ste 115-291-PS1, McLean, VA 


^ 


VISA/M 
Quick loans! 
National Finance, 
mond, VÀ 23235. 


PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 
ply, Box 4157, Brownsville, TX 78523-4157. 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 50g. Ellwanger's 
Р.5., Р.О. Box V, Port Jervis, NY 12771. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulac, Richmond, VA 
2402029. 


NONPROFIT foundation helping inven- 
tors over 12 years. Free recording forms. 
Free evaluation. Affiliated Inventors 
Foundation,  501-A lowa, Colorado 
Springs, CO 80909 or Call 1-800-525-5885. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of 
service. AMERICAN INVENTORS COR- 
PORATION, 32 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 


guaranteed! 
Applications rushed! 
ox 35726-A, Rich- 


338-5656. In Massachusetts or Canada call | 


(413) 568-3753, 


diia AND DEVELOP Your [nven- 
tion. istered Patent Agent and 
Licensed jg werd Engineer. Send for 
FREE PATENT INFORMATION Every 
Inventor Should Have. Richard L. Miller, 
12 Parkside Drive, Suite-N, Dix Hills, NY 
11746. (516) 499-4343. 


INVENTORS National Mail Order Com- | 


pany is looking for new unique consumer 
products and inventions to be featured in 
mail order catalog. Call (303) 927-4781. 
Ask for Jo. 

PROTECT YOUR 
$6.22 now. Establish date with U.S. Gov- 
ernment. Send $15.00 for forms, instruc- 
tions, suggestions. Ross, Box 67, 
Burlington, MA 01803. 

PROVEN PATH-TO-PROFIT for inven- 
tors. Free information. О.Е, 1859 
Andrews Ave. San Jose, CA 95124. 


IF vou have an invention for sale or license, 
write for free booklet explaining how we 
can help you. Kessler Sales Corp., C-7-FI, 
Fremont, Ohio 43420. 


INVENTORS, PATENT LAWYERS. Free 


information on QUALITY Patent and 
Trademark searchs by: NOVASEARCH, 
Box 853-PS, Annandale, VA 22003. 


BE A SUCCESSFUL INVENTOR LIKE 
МЕ. My Secrets Book $19.95. Heath, PO. 
Box 99, Davenport, NY 13750. 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free: 
1-800-225-5800. 

IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-288-IDEA, Canada, 1-800-528-6060, 

X831. Or write: 
INVENTION SUBMISSION CORP-PS 
503 Liberty Avenue 
Pittsburgh, PA 15222 


NEW IDEA? Innovation Center in Wash- 


ington, D.C. will assist you through 
RESEARCH and DEVELOPMENT! Free 
Kit —1-800-628-2828. 

HONGKONG factory needs several new 
products for their overseas buyers. Send 
product ideas for royalty evaluation. Can 
produce exclusively Hongkong Plastic 
Metal Products Company, Box 69627, 
Kwuntong, Hongkong. 

INVENTIONS Developed ` Marketed. 
Free Invention Certificates. MANUFAC- 

RESENTATIVE, Suite 3615- 


TURERS HEP 
PS, Woolworth Building, New York, NY 


10007. 


NEEDING Assistance. PATENTVEST- 
MENTINTERNATIONAL, 1155 Connecticut 
#300 Washington, DC 20036. 


FREE information on offering your 


invention for sale. Kessler Sales Corpora- 
tion, C-7-IW, Fremont, Ohio 43420. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 


Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


| Kit-5, Box 4036, Pompano, 


INVENTION for | 


MONEYMAKING 
OPPORTUNITIES 


GET RICHI! Secret law smashes debts— 
brings cash credit! FREE report!! Wealth- 
L 33063. 


FREE! MONEY! how to make thousands. 
Send for FREE info. Gale Publishing, 3822 
5. 16th St. Apsm, Arl., УА 22204. 


HIGH Profits T-Shirts Caps. Inexpen- 
sive, transfer machines, supplies, Press, 


P.O. Box 22809-LLD, Tampa, FL 33623. 


BUMPERSTICKER Printer. Cheap, Sim- 
ple, Portable. Free Details. Bumper, POB 
22191 (LLD), Tampa, FL 33622. 

$1,000's Effortlessly, Send $2.00 and 
Sase to: ROF Alempa, One Gagne St, Roch- 
ester, NH 03867. 


MAKE MONEY. Five different booklets 


tell how. Free details. Write to: Financial | 


Horizons, 225 Michigan N.W, PO. Box 
1172, DEPT. PS, Grand Rapids, Michigan 
49501. 


$100,000  Borrowed. Free Details 
MBG-PS 388, Box 2298, Sandusky, OH 
44870. 


YOU CAN PROFIT from Stock Market 
plunge. New book reveals action you can 
take MOW to increase wealth later. Satis- 
faction GUARANTEED. $6.00. SPL Group, 
РОВ 31-5, Fountaintown, IN 46130. 


NOW TO SUAVIVE HARD MES! 
Guaranteed. Write: Peeler, Box 632P Bon- 
ham, Texas 75418. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women-Men. Work month- 
Home mont 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


GOVERNMENT JOBS $16,040 
$59,230/yr. Now Hiring. Your Area. Call 
805-687-6000 Ext. R-20025 for current 
Federal list. 


REPOSSESSED homes form Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Ext. H8230. 


OVERSEAS $25,000 - $75,000 +. Free 
Report! Employment, Box 19760-FO, Indi- 
anapolis, IN 46219. 


$1000. Monthly. Part Time. Must have 
answering machine. 1-416-482-3000 
A909A Days/Evenings/ Weekends. 


FOREIGN PERIODICALS 


WORLDWIDE ENGLISH NEWS- 
PAPERS/MAGAZINES! Sampler: 4/$2.98. 
FREE BROCHURE. MULTINEWSPA- 
PERS, Box DE-33, Dana Point, CA 92629. 


MODELS, SHIPS, CARS, PLANES 


AEORDYMAMICS for R/C Pilots send 
$5.00 to Aeroconcepts, 241 Conner Plaza, 
Lewisville, TX 75067. 


SPORTING GOODS 


WORLDS largest selection of black- 

wder guns and accessories. Send $3.00 
for illustrated catalog featuring 7000 
items. Dixie Gun Works, Dept. 14, Union 
City, TN 38261. 


DETECTIVES | 
PRIVATE INVESTIGATOR Home-study 


Training Program. Free Information. 
Global, Box 191PS, Hanover, MA 02339. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP. Box 487, Anaheim. CA 92705. 


FREE Hypnotism, Self-Hypnosis, Sleep 
Learning Catalog! Drawer PS400, Rui- 
doso, NM 88345. 


FREE (Catalog: Subliminal Tapes. Law- 
son Electronics, Box 711-S, Poteet, TX 
78065. 


SELF- HYPNOSIS TAPES, VIDEO 
$29.95, AUDIO $14.95, MASTER- 
CHARGE/VISA, TOLL FREE, 


. USA + Overseas. Informa- 


MAILING LISTS 


FREE Sample Of Mailing Lists That Get 
nens McCann, 32 Maine, Carteret, NJ 


SUPER FRESH NAMES. 25 cash 
refund for undeliverables. Malloy, Box 110, 
Lindenhurst, МҮ 11757. 


500-$25, 1000-$40, 2000- $70, 5000- $150. 
Reymer Associates, Box 412CA, New 
Haven, CT 06513. 


NEW ACTIVE NAMES!!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/AmEx. 1-800- 
992-3866. 


EARN Bigger Profits! New professional 
top of the line computerized full feature 
guaranteed mailing lists $4 hundred, $30 
thousand labels. Mailco, 1418 Homan, Fort 
Worth, TX 76106-9055. 


REMAILING SERVICES 


CONFIDENTIAL Mail Receiving/For- 
warding. Mail Drop, Box  18039PS, 
Orlando, FL 32860. 


PERSONAL 


COLLEGE DEGREES, Hi ih 
Diplomas. Authentic looking. 
log. National Certificate, Dept. PS.129 210 
5th Avenue, New York, 10010 (718) 768- 
6803 Ext. 100 (24 Hours). 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 to 5 
colors, sheets to catalogues. Copen Press, 
100PS Berriman St., Brooklyn, NY 11208. 


BUSINESS SERVICE 


800 # Ad Response Answering Service 
Nationwide and Canada, 24 hours Leads/ 
Credit Card Orders 1-800-541-0900. 


BIRD, POULTRY SUPPLIES 


INCUBATORS, Feeders, Waterers, Med- 
ications, Books, Etc. Clausing, Nocatee, FL 
33864, (813) 993-2542. Free Catalog. 


TELEPHONES & ACCESSORIES 


LEARN Telephone Installation Free. 
Information. P.O. Box 126031. San Diego, 
CA 92112. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES 
Autos .. Vans... Boats .. Airplanes .. Millions 
Surplus Bargains .. many 1% original cost! 
"Nationwide Sales Directory — 53.00. Dis- 
posal, Box 19107-FO, Washington, DC 
20036. 


BUY 
UNITED 


STATES 
SAVINGS 
BONDS 


For the current 


rate call... 
I-800-US-BONDS 
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GEAR UP FOR FUN AND 
VALUE IN THE '88 FORD 
RANGER. THE XLT 
SPECIAL VALUE PACKAGE 
DELIVERS THE FUN WITH 
FUEL INJECTION, AM/FM 
STEREO CASSETTE, 
POWER STEERING... 
AND MORE! 


Ford really knows 
you place value on fun. 
That's why the '88 
Ranger XLT is packed 
with so many popular 


FORD RANGER..FUN WITH 
ALLTHE TRIMMINGS. 


features at such a 
popular price. From 
EFI engine to AM/FM 
stereo cassette, Ranger 
sounds like great fun— 
and is! 

All that will look 
even better too, when 
you take a good look at 
the sporty Ranger МГ 
trim package. It'll really 
turn heads! 


RELAX IN COMFORT. 
Ranger’s as big on 
comfort as it is on fun. 

This wide and hand- 


Jl 4 x AN \ М 


some cab is а big plus 
for a small pickup. 
Need a bigger plus? 
Then sport around 

in a roomy Ranger 
SuperCab. 


нет ne, 
For real spunk and 
spirit, Ford packed EFI ` 
Power into Ranger XLT .. 
You'll have the world 
at your feet with the 
quick response and 
smooth performance 
of XLT's multiple-port «~ 
electronic fuel injec- 
tion. Just one more 


reason why Ranger's 
the fun-to-drive 

small pickup. And 
Ranger XLT can even 
muscle up a husky 2.9L 
EFI V-6 if you need it. 
That's 140 horses. 
SMOOTH RIDER. 

When you're out 
there having fun, beat 
those bumps with 
Rangers Independent 
Front Suspension. Two- 
wheel drive or four- 
wheel, it's Ford Ranger 
for that smooth ride. 


6/60 WARRANTY. 
Covers powertrain 
for 6 years/60,000 miles, 

body panel rust- 
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| SPECIFICATIONS 


RANGER POWERTRAINS 
STX—2.9L EFi V-6 
XLT/Custom—2.3L EFI, 
2.9L EFI V-6 Optional 
S-Model-2.0L 
5-Speed Manual O/D 
Automatic O/D Optional 
RANGER PAYLOADS 
205-1625 Ibs. 


MAJOR XLT 
STANDARD EQUIPMENT 


Power Steering 

Power Brakes 

AM/FM Stereo Cassette 
P215 Radial Tires 
Interval Wipers 

„апа more! 


RANGER XLT CABS 
Regular—Seats 3 
SuperCab—Seats 5 
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E-— for 6 years/ 
100,000 miles. 
Restrictions and 
deductible apply.* 
LIFETIME SERVICE 
GUARANTEE. 
'articipating dealers 
back their customer- 
paid work with a free 
Lifetime Service 
Guarantee, good for 
as long as you own 
your vehicle.* 


*Ask your Ford Dealer for copies 
of these limited warranties. 
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BEST-BUILT 
AMERICAN TRUCKS 
7 YEARS RUNNING. 
Based on an average 
of owner-reported 
problems in a series 
of surveys of '81- 87 
models designed 
and built in North 
America. At Ford, 
"Quality is Job 17 


BUILT FUN TOUGH 


eWorlds first; 
oitvourself 
rint ad. 


Close your eyes and imagine the most flavorful picture you can. 
Now, think ‘Меги’ Congratulations! You've created the perfect Merit ad. 
Because flavor is what Merit is all about. Merit Enriched Flavor" delivers 

real smoking satisfaction with even less tar than leading lights. 

So thanks for your help. You created the perfect image for Merit. 

And you saved us a bundle on expensive photography. 


Enriched Flavor“ low tar.w A solution with Merit. 


SURGEON GENERAL'S WARNING: Quitting Smoking — | 
Now Greatly Reduces Serious Risks to Your Health. | —9 Po Morris Ine. 1988 
Kings: 8 mg (аг, 0.6 mg nicotine av. per cigarette by FTC method 


